12 United States Patent

Charles et al.

US012318513B2

US 12,318.513 B2
Jun. 3, 2025

(10) Patent No.:
45) Date of Patent:

(54)

(71)
(72)

(73)

(%)

(21)

(22)

(65)

(60)

(1)

(52)

(58)

DISINFECTION DEVICES AND METHODS
USING THE SAME

Applicant: SoClean, Inc., Peterborough, NH (US)

Robert A. Charles, New Boston, NH
(US); Kurt Michael Maw, Salem, MA
(US); Pete McNulty, Peterborough, NH
(US); Katja Lierhaus, Peterborough,
NH (US)

Inventors:

SOCLEAN, INC., Peterborough, NH
(US)

Assignee:

Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35

U.S.C. 134(b) by 917 days.

Notice:

Appl. No.: 17/490,887

Filed: Sep. 30, 2021

Prior Publication Data

US 2022/0105221 Al Apr. 7, 2022

Related U.S. Application Data

Provisional application No. 63/087,047, filed on Oct.
2, 2020.

Int. CI.

A61L 9/12 (2006.01)

U.S. CL

CPC ........ A6IL 97122 (2013.01); A6IL 2202/122

(2013.01); A61L 2202/123 (2013.01); A61L
2202/24 (2013.01); A61L 2209/14 (2013.01)

Field of Classification Search
CPC ..o, A61L 9/122; A61L 2202/122; A61L

iy By By gy

2202/123; A61L 2202/24; A61L 2209/14;

A61L 2202/11; A61L 2202/13; A61L

2202/14; A61L 2/202

USPC e, 422/124
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

8,865,065 B2* 10/2014 Kain ...........ccevvvvnnnnn, A61L 2/24
422/1

2003/0152480 Al* 82003 Sham ...........cccoees, AG61L 2/202
422/1

* cited by examiner

Primary Examiner — Huy Tram Nguyen

(74) Attorney, Agent, or Firm — Grossman, Tucker,
Perreault & Plleger, PLLC

(57) ABSTRACT

Disinfection devices and methods of using the same are
described. In embodiments the disinfection devices include
a base, a lid, a sanitizing gas supply, a sanitization chamber
with an exhaust port and chamber opening, and a fan. When
the lid 1s closed the fan can operate 1n a first (low flow, high
static pressure) flow condition, during which gas may flow
through the device at a first (relatively low) tlow rate. When
the 11d 1s open the fan can operate 1n a second (high flow, low
static pressure) tlow condition, during which the fan may
exhaust all or substantially all sanitizing gas 1n the saniti-
zation chamber through the exhaust port over a short exhaust
pertod. The systems and methods can enable a user to
rapidly access an article being sanitized with little or no risk
of exposure to the sanitizing gas, even when a disinfection
operation 1S 11 Process.

20 Claims, 12 Drawing Sheets



U.S. Patent Jun. 3, 2025 Sheet 1 of 12 US 12,318,513 B2

114

104 <

P R WG R AR AP OR  RAERER,
,

102 -

T 108

o e G W W o e e e W W o AREIREA
- "

o QR N WO e

122 To Fﬁi':if)-m

Ervironment Frivironment



U.S. Patent Jun. 3, 2025 Sheet 2 of 12 US 12,318,513 B2

114

104 <

P R WG R AR AP OR  RAERER,
,

102 -

T 108

o e G W W o e e e W W o AREIREA
- "

From
Ervironment Frivironment

o QR N WO e



U.S. Patent Jun. 3, 2025 Sheet 3 of 12 US 12,318,513 B2

312
314
316

n
rErssE Y AT R e T e A I T T e A e I R e A S AR A s A rAR YA e S T A E AT AR F AT A r AR A E S TS T e e rfr e e e e

104

o Cm o e m e g s
ok ke sk My A

h'ﬂ‘.ﬁ"ﬂ'rﬂ'ﬁ‘fﬂ‘fﬂ-ﬂ1'ﬁ-"l'ﬂ‘.‘ﬂ"ﬂ"-’l'ﬁ"ﬂ"--ﬂ-ﬂ'l-'ﬁ".'ﬂ--ll-ﬁ"ﬂ‘-ﬂ‘rﬂ'rﬂ."‘-'ﬁ"'ﬂ‘-'l.f‘l'-'ﬂ"'-ﬂ"ﬂ'ﬂ‘.ﬁ‘-ﬂ-'ﬂ'ﬁ-'ﬂ-'ﬂ

.
PR R R R N A R R O R R R R R R e R VR kR R R ol R B R O O R R R R R O R O e el R BT R e A R 0RO R R A Rk R R R R R B R e e y
L R R L A T R R T R A L R R T R Ll R T R N R LT T T T R R L R RO R R R R T AT ERT Y R RTEy

AR

W

fronh
oo
s

E

E

E

E

;

“‘l“l““l
s
L
r
'l-ﬂ'\-}
P

e'e's  "aereh  Mees  SeeeT weee

303
300

ﬁ-ll'-ﬁi'l'-ﬂ-‘l'-ﬂ‘lﬂHll'-ﬂ-ﬁ-I“-H"l'-ﬂ--Fl-‘l"-ﬂ-‘ﬂ‘ﬁ"l"ﬂ-'lﬁiﬂ‘ll‘-ﬂ-‘llﬂ-ﬂ‘lﬂ'-ﬂ-i‘lﬂﬁ-IF-H--I'ﬂ-“l’-ﬂ-“l"-ﬁi‘iﬁ‘ﬂﬁ‘F-ﬁ"lf‘ﬁlﬁ-ﬂﬁﬂ‘ﬁ‘f-ﬁ‘!-ﬂHﬁ

. 3 . L o
- - L .
. : ¥ ‘:1.‘ f‘-‘t ‘.,'.“"l-‘ {_,-“ r\-"i.‘ _"""l-‘ % “t - ""i. r tq : . . . + -
. A ; | M ) N ] % ) 2 N} % 3 X : P 4 i fi F , - .
=l vy ; LY . LY u . X é . -t
v L] L “ [ % *J - L1 b '.'- l..,i-‘I .',.n- -_" '-I-ﬂ‘.h‘. . N .. .. L -
ook e ey s e e mr al d nw o m b e e el B s ol R mm o l wk e R O e e R B U R R TR e B K R N TR K A AT ¥ X
!. ., .
£ ) c
) 1 o
[ | » ¥
3

LI TR R TR .

£
€
a4
-
]
]

L
v
L}

-_j.-

WA by e o Ay W o R e
O

il By gy g By e OB By gk g By gy o g By o R N g By g Ry gy oy g By e g By g Ry g e g By W R

i
oo

howl Al Al W0 Ay

124

o,

Moy mmoam o B R

108

o,
; ; . e, - L ) — - L]
LR TN N W W T N PR I W TR N TR N T

o

e Wy e e K oma me o o R

310 ¥ 19373
Ta FrOm

2 Enwvironm
Environment Environment



U.S. Patent Jun. 3, 2025 Sheet 4 of 12 US 12,318,513 B2

312
314
316

n
rErssE Y AT R e T e A I T T e A e I R e A S AR A s A rAR YA e S T A E AT AR F AT A r AR A E S TS T e e rfr e e e e

104

o Cm o e m e g s
ok ke sk My A

h'ﬂ‘.ﬁ"ﬂ'rﬂ'ﬁ‘fﬂ‘fﬂ-ﬂ1'ﬁ-"l'ﬂ‘.‘ﬂ"ﬂ"-’l'ﬁ"ﬂ"--ﬂ-ﬂ'l-'ﬁ".'ﬂ--ll-ﬁ"ﬂ‘-ﬂ‘rﬂ'rﬂ."‘-'ﬁ"'ﬂ‘-'l.f‘l'-'ﬂ"'-ﬂ"ﬂ'ﬂ‘.ﬁ‘-ﬂ-'ﬂ'ﬁ-'ﬂ-'ﬂ

.
PR R R R N A R R O R R R R R R e R VR kR R R ol R B R O O R R R R R O R O e el R BT R e A R 0RO R R A Rk R R R R R B R e e y
L R R L A T R R T R A L R R T R Ll R T R N R LT T T T R R L R RO R R R R T AT ERT Y R RTEy

AR

W

fronh
oo
s

E

E

E

E

;

“‘l“l““l
s
L
r
'l-ﬂ'\-}
P

e'e's  "aereh  Mees  SeeeT weee

303
300

205

A A A AR S AN AN ARANAR A AR ARY ARV AR L AN AR AR AR AANEARARY ARV AR AR ARV ARG AR SRS RS- X //
) : 5 . 1.‘ f'r'i.‘ T f‘.‘l r""". o’ \ % ‘-'t - "'il. r s . . » _
. A k] LI M ) N ¥ A ) a ¥ % 3 . : P 4 i 'l; H W : N
R i - . Y * | - . . LY r " " . X . Al
‘: 1"11- '--‘ o\ ﬁ--“ ot By o mn" 'u-n-."" T - ¥ .
g e O R Fa B I i, T e SR N T S TS R SO R T R TR R N PR T R W W W N TN LW R WU N B W W P NN R Y L] -
¥ ’
] ¥
] ) .
» _ .

£
€
4
{
]
]
L
v
L]

-_j.-

126 |

LB L

i
oo

1138

124

o,

L]
3
L]
[ ]
-
L
»
3
L]
:
i
L]
t
s
[ ]
-
[ ]
L
]
L]
[ ]
3
L]
.
.
L]
¥
L
L]
%
[ ]
L
¥
L]
?
.

108

e b e R R Rl e L R R R LR L LR

o,
u » n : : ; M e e e e e O O )

e Wy e e K oma me o o R

310 122

Yo

1o o
Enwvironment

Frwvironment



US 12,318,513 B2

Sheet 5 of 12

Jun. 3, 20235

U.S. Patent

.

El'i'."

L C N N N N
- ok

ax
L]

. . . . . . . . . B . B B L B B L B B L B B L B B N BN B L BN B ...".. <. . . . . . . . . . B O BB B BB O BB B BB B BB B BB O BB A

N C N N C N

iir, o _ar -
O ke kR R R

1
%
"
"
%
"
"
%
"
"
%
"
"
%
"
"
%
"
"
%
"
"
%
-
Y
"
"
%
"
"
%
"
"
%
"
"
%
"
"
%
"
"
%
"
"
“

- w w T w w T T T T E T T T T T T T T T T TTT T _T_W T T T W T T W T T W T T W T_T W T_TL W T _W_OWL_W_W_WL_W W _W_W W N

L A N A A N A N A N A A A S S S A S A A N Al N A N A A A N T B T N N N A N A A

T T T T W W T T W T W TT_TLW_T_TLWLT_WLW_WL_W_W_TL_W L W_T_T_W_ T

Ll e e e e e )

T T T T W T T W T T T T YT T YW WM W _TL_T W T LT - T T T W T T W_T_T WL _WL_TLT_W_TL_TLW_T_TLW_T_TLWTL_T_W_W_WLW

i

L L B I BN B B B BN B N N N

Ra'a’a’a’a’a’a’a’a’a’a’a’a’a’a’a’a’a’a’a’a’a’a’a’a’a’a’aaaaa

L]
+
]
[ ]
k
]
]
k
]
]
k
]
[ ]
k
]
]
k
]
]
k
]
]
k
]
]
k
]
[ ]
k
]
]
k
i
| J -'E'
k
;
:
:
:
:
:
:
:
]
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
;

L N N C N N R C N N E T T N N N N N N N
e o ok e ok o e O o o o ol o o o e o o o e o o ok o e o o o

T EP P Y RSN FFFFY NSNS NFFFRTNEE
-

r FFP FrrrrrrFrrrFrFf.FfFfFrFf.rrF.Fr rFrrrrFr r rrFrr rrrrr
ol o e o i o e o e o e o b o e o b o o o e F o b e F

rFP Fr r r rr rr.rrrr.sas rrFrFP rrFrrrrrrrrrrr
B i o o o o F o B ode o e o e b o o F b b

r " r Frrr rrr.rrrrfrrFfFfF r.rFf Frrfr.FrFf. r rfr r rr.r rrr 8 rr FfF.rr.rFf r.rFf rrrrf.r rrrf.rr.rrrrrrrrrrrr.r r FFrP rrFrrrrFrrrrr r.rrrrrrrFrr.rrFr.rr.rr.rrrr.r
i o o o i o e o e o b o e o e o b o e o e o i o e o e o i e i o e o i o e o e o i o e o b o i o e o e o i o e o e e B ol b o o o e o b o o o e o b o e e F b b e o b R &

High Pressure
Low Flow

) 'lll_'\li_'\lll_'\ll'\ll'\ll'\ll'\ll'\ll'\ll'\Il'\ll'\ll'\llr'ﬁ_'\ll'\ll'\lll'\ll'\ll'\ll'\ll'\ll'\ll'\ll'\Il'\lll'\ll'\ll'\ll'\ll'\ll'\ll'\ll'\ll'\ll'\li"
o

-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-’.’-"-".'.".“.".".“-"-’-"-"-". *

L L
[ N N N N N N N N N N N N N N N N ]

G C N C N C N C N C N C E E N T N U E T T R R N N N N

T T T T T T T T T T T T T T T T T T T T T T T T T T

'..'
s
I,
-..
.
"
"
"
"
"
%
"
"
"
"
"
%
"
"
%
"
"
"
"
"

ax
]

3

i

LOW Pressure

High Flow

. D



US 12,318,513 B2

Sheet 6 of 12

Jun. 3, 20235

U.S. Patent

6063

U0

&4

 F &

SRRRERAAA

oAk

T . 3
Hﬂ ” A
X A
L - 3
Hﬂ ..” " Ly
X L ““"
. “HH e r
% %
T el
L e -
- : ;

.
|
K]

S

o
n

e
|

. _xﬂl .-..-..11.._......._.._............... T T
y I R R R R R R R
“xﬂ .-..-.|1......_..._.... T T T T T T

X

:‘!HH
|
L ]
¥
1
Fy
]

>

.
|

L ]
»
1
F3
r

k4
|
»
L]
Fy
r

»

“..___ ) '.-..-..11.-.......__.._. RN : : : (N : : (N . ' : (N S
! W o dr a0 T ' ' ' ' T ' ' T ' ' ' T ' '
.y P S . . . . . . . . . . . . . .
o I A ' P P ' T ' P ' P ' ' ' ' P ' LT P
e A T RN
! & s kA ' '
o ot
.
-H L)
-
k]
X ! '
o] T B R
“vnﬂl _-.-..._..11.__..._..__.._..... PR T T T T T T T T T T T T e S,
2 .-......1.........._........ T T T T T T T T T T T e T T T T T T T T T T T T T T e T T T T T T T T T T T T T T T T T T T T T T T T T
i Al P e cee P Cee e cee e c

. .-......1......_..._.._.... T K ' N ' ' e K ' R ' ' R B e
how e L T ' ' ' a T ' a T ' T ' ' ' ' a T ' a T ' a T s
dr dr i i dp 1”.._..__................................................. R T T T T T T T T T T T S S S S T S T T T

¥
r
E
L )
»
L]
F3
x

LU DL IR D B DL DN IR B DR DN DAL DR R DL DR DL DR DR DR DR DN DR DR DN DR DN DR DN L BN BN DL BN B BN )

' L e
v [l T T T T T T T T T T T T T T T T S S T T T S S S T S S S S S S S S T T e S S S T T T T T
A P N N LT T T T T T T T T P T P T e e R L

N

)
r
N

¥
¥
x
L )
»
L]
F3
x

S

X
IS
i
L
»
L]
Fy
'

o

:

o
e
....“l.l.b.l.
Sl

o

o

lI

L

¥
¥
¥
&
B
L]
¥
¥

Jr:q-
o
X
o
X K
l*l
XX
x

LENL L L DL B D DR D U DR DR DR RO DR RR DA DR D BEL DR RO DR DN DL DR DR DL DR DN DRE DR D DR DR DR DR DL DR RN DR DN BN DEL BN DN DR NN DR DRE N DN B B BN |

F)
L}
L
L ]
»
L]
F
Xx

¥
L]
F3
x

X

)

»
Lt e
3t
EN
LI I |
X K&
X
¥ x i
2

»
L]
F
Xx

»
L]
¥
x

>,
E
|

o, .
o [l e . . Lo . . . . . . . . . . .
P B BN DR RO BN BT

»
L]
Fy
r

|
]
4
e
]
4
e
F ]
]
-
F ]
]
“”__.ll LT . ST ' - . T e
o T
oy | LN ' o T ' ' oo ' o ' o ' ' ' ' o ' o o ' .
“””HII .-_.-..11.........__.._.... PR T T T T T T T T T T T T
”“._”HHI .-_.-..-.|1......_..._.__.... ' P LT T T [T [T T LU
o Bar B L e e e e e e e e e e e e e e e e e e e e e e e
] L A . . . . . . . . . . . .
oy X roi A T . . T . . T . . T . . . T . . Ve
e PR S S . . . . . . . . . . .
! i w e 4o ' ' L T ' ' ' ' ' L ' ' ' ' ' ' N
e o dp A . . . . . . . . . . . . . . .
' & wodp o1 o1 o ' oo ' o ' o ' o ' ' ' ' o ' o ' o ' Vo
] e bk . . . . . . . . . . . . . . . ﬁlﬂ
X L T o TR T T T T T T S S e T T T T T T T T T T T T )
t, O T S . . . . . . . . . . . . . .
_ X i h o ' o ' ' ' ' o ' o ' o ' ' ' ' o ' o ' o ' i
G " SR RN SR P SR SRR R P S e 5\
“x..nll ' ' LT T T T LT T T L T T r
i i ke ko1 P T LT T T T T T T T T T T T T T LT T T LT T T T T
: ok . i ko1 o T ' ' ' o ' o ' o ' ' ' ' o ' o ' o ' '
o] LN . . . . . . . . . . . . . .
o [ ' . LT ' LT . LT . ' ' . LT ' LT . LT . ' ' . LT
o] I e .
A .-..-......_..t. I
| [
! x . Ve r
o . i
A .-..-.... I .
| [ .
.HHI ll.l.._.. [
oy & ke ko ' PR ' ' ' ' PR ' PR PR ' ' ' ' PR ' PR ' PR ' Vo r
A, R R U . . . . . . . . . . . . . .
o * s o . o o ' ' o . ' -
.“HI l..-. ........._ a0 LT T . LT LT T - . LT T o ll
t | O R . . . . . . . . . . . . . . a
_ & ke ko ' ' o Vot T o T T o ' T ' o ' T ' o .
iy 4 F R o ' ' ' ' o ' o ' o ' ' . o ' o ' o ' .
% W LN N . . . . . . . . . . . . . . -
Pl 4 L R T T R T T T T S S T T T T T T T T T T
L T ) LT T ) T T . *
o ' ' - ' ' . ' -
.:“HHI o e ' LT T LT T T LT T T LT T LT T T T T . *
. Ny R . . . . . . . . . . . . . . . a
- ] a i & T ' L ' L ' T ' ' ' ' PR VT T ' PR ' T ' PR .
A ok i e . . . . . . . . . . . . . . . a
X oy & T.T.r. 1 - - 1 - - P | - [ | ) 1 1 ) [ | ) [ | 1 [ | ) .
HHII .-..-..._..._..._.1.._... T T m..q
'z i i > . - . . . . . . . . '
. LN o . . . . . T . . T . . . . e
L J .rl ‘.r.1 1 1 1 1 ) - - 1 - 1 - - - - ) -
.-......._..1...1. ' ' " .. P T T TR T T T T T TR T T T T T T Ve l-. '
b hor ko ' . . . . . . . . . . . . E '
ok A R R R R R R T T T T T T T T T R R »

L]
L]
]
r

I‘II"'

vy

ga\
oonid

FiG. BA

a h

. a =
s & & & & & & & & &2 &2 a =
ra =

a & a . . .
"= a2 bk & & &2 & & & =m0
a & a

. a .
« & & & & & b &2 &k 2 & & &
a =

a a2 =
4 & &2 &8 & & a

- - a
s & &2 & a a2 &2 bk b &k b a

a2 s m aaa ke

& & & & & & & & & & & &S A AN kN

2

- a
4 & &2 4 4 &4 &4 4 &4 4 4 & 4 a2 S a4 S S S S S S A & S A A A

.
LN
P
¥

.
W
Lol 3 RO

KX RR

r

L]




U.S. Patent

HUG

L L L 3 1 5 3 J

Sheet 7 of 12 US 12,318,513 B2

Jun. 3, 20235

F
'4 T s e e T T T I g L Y
FREELEEEEL Y I e omomom

g

1
. Sp— L e e e e LT T T T O I e i i i S T T DL DAL DRE P TR TR R O L N A L et DL DT L T FURVprpppp S
e 1
‘____4.,-.,_-------..-".."-"..-‘..-‘--‘..-"-ﬁwﬁﬁmﬁm-".."..-‘..-‘..-‘..-‘..-‘...------_.,-4-_"_,__' .
"y
.

ol
il

L, L
4‘#'4‘4'4‘4-4‘#.4‘4'#‘4'#‘#'4‘4.#‘4-4‘#-4‘4'#‘4-4‘M%W-----4 1 'I':‘I *...-" ',‘ﬂ.. S
ll' ’ ’ ] l’i‘ .

o dr o w b w T
- s amamam m om om R E R R

T w rw o w T o
FFEEEEEE s & = oo e o

T
L

Ly ] -'I'

R R R A A I I I I O R A R R A N . T A I I I T R o R A A A A A N )
L]

L ]

L]

L .

v w o w T T w

LR -...........;--;--;--;--.‘.-*ququq?;
)

---.-----'----'---'--'-l:---'------'---'--'-'---'---'---'---i-'----'---'--------------------

R B Saai i S T

AT T T T r :
+ ——ry - .
i K L] L]

Lol L W ke - ]
¥ g e e -?-"':'-H:. :
' oy iy :': ;
| P oyt L
' 1 o r
1 L] . r

[y .
-\.'.-\.'.-\.-.a.a.-.a.a...a.a...a.....a.a...a.a...a.a...a.a...a.a...a.a...a.a.-'-'-'-'-

---.---.-.-l-l-.-l-.-J-l-l-.-l-l-.-‘-.-.-‘-‘-.-‘-.-‘-‘-‘-.-"‘-‘-"l“‘_'*hﬁ__*__*__*__*_'*

r..................a................
e s i s e T S e I ***********ﬁfmmwmh
0 i -
¥ - 1 ! i 3 ——
Y “‘-‘-“-“-“-“-“-‘-“-“-‘-“-“-“-‘44444444444444444444444] [ | 1? . i ¥ L NE T R R N R R R R R N R A IR R R R R i o
. l !Hﬂﬂ#l’lﬂ;....l‘ﬂ!ﬂﬂﬂﬂlﬂl . .
K ’l__q: L3 . . " o O . . Cop g
k. " e B '
. . ! '
. : T
-
[ - . .’. . '_..'
' . . . . . il R . it il R
:. b . - m s m mmom g g g g g g g g g g g g g g g g g g g g g g g g - -------- -.-.-#'-"Fr b
' i X Dl - -
. TEorm o e ek L N e & e Nede PO
.
k]
' 1
- .
1
» .
] T
- 1
L] L
i ¥
l ’. -.
r 1 L}
L] 1 .
. .
LB L .
I ‘. ..
1 1 '
4
L] 1 N
F 1 '
] k] 1
. * .
! e '
T 1 ]
4 . 4
+ . T
| . L}
¥ .
. ! A
[
: : r
L . \
b .
L 1 1
' .I -
1': 1 r ‘}
L] 1 ]
. ' . *m
1 1 .
.- 1 -.1
‘. '. -
1 L -
’. " .‘
. )
.. '. [
r 1 i f.“l
<4 1 . )
[ L
= )
r . -
1 - L1
Y ) .
¥ ¥ . L
I M &
a 1 .
. I o
f L .
: ’ ¥
-
L) 1 1
+
‘\h 1 ’
- T
- ‘l .‘ . .'-'

e L Ll o o S
TrTrTrTrTTrTrTrTTrTTT T

. .
T I T Y T T T T T T T T

P | ag——

-|l-dll-ql--.ll--l--.-r-q----ql--r-dp-r-dr----m--r-dp--r-q--r-ql--r-dp--r-q----q--ll-q--r-++++#+++++#+++++#+++++#
rwow ow

L

e

.- u_u_u l m_E_§_N_§_H§~ " m_u_N_N a_s_§_§_@N_§8_@§_@§_=§_@§8_@H~8_=~§ '. -
o aa R R L L L T i ¥ F N M e R Rl WL A A AT, v, A s o e ot o g T ¥ vy v e te e iy
e . . . . P . . ] 5 . . P . . . . . e . . . e
. b it .
-.""'_ a
- . . . .
LN . .
! _‘..r' - mmmem - mmmmmmmmmemmm T et e iy T T T gl - e gl gl il gl gl g, e e R L b R bt et T R | T E EEEEEEEEE s s s s .-y, -"‘.“
N aaaa_u_d . PR T T T T T T - ._- -
"-' .... e - —mm L . R 43P 1, e I o L - mm ommomomom -.-.-.-.-.-.-...,.,._.,._.,.‘ P I - . -
L R L R a  a a p a a  y e ETETETETETETETETETETETEITETETETETETETETEITETETRTEmTETma R R R ] a"ETa"e"E"E"a"w -------------------------' - pm m P R e R R R R R e R R Rl ,'_‘ . ".,‘
. . L . . . - - -
-‘_'|1.q|-.--.--.--.--.--.--.--.--.-- mamamsasajgdaasaasaaaaam .--.--.--.--.--.--.--.---*‘ _' I'Ih""'.ll"-:-lkfﬂ."Il -"-
== aaaaaa ‘”-.l-‘.- ‘.-...-.q-.- Lt B . ey e '!_q-:h- - - -' "-f*‘q“.-' - - “
. ) '-..‘.__._.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘._--l--l---""'-'_ ,‘l_, ¥ . i - ..* '..} » ..1|. . .i_‘l“l“l“lldll--------4,_._.__._._.__._._.__._._._._. . i :"?I' : - .,
- - LA Lt . . -I :.. *I‘. ‘I_ i h":‘k' " il‘
O "-'!'-'!'-'!'!'!'lﬁ'{i h"-"ﬂ' el F'-!-l' LY R Ry ey ey . e R ]
or - =T - - -Il“. L ll. #-.“‘ L%
. emmeemie n b R i i :,. - -, L L =
. - s s EaEaEEEEEEEEEwTTrrr-ritEEEEESFEEr F o o O o o o o O O O o L O O o o I T O R o o O O o O i o O o O O O o T I T A O O O T o S e S -lli""I--------------------m- L - - L .
. - Tyl W /s EEE + ' ' f ' ' f ' ' ' ' ' f ' f ' ' ' ' ' ' ' f - f N - -
._.--l-" - - - i""*-_. s T -.-I|I ]
. R -, L A .
L L ll..- - - M -
o N . . . . -‘_,."l‘;*., -
-
' - 'l‘ . LW L]
M A . . a .
‘l ;._"..‘".‘. n'w -W"‘."‘.'.‘l iiti-h--i-i-i-n.n.a.a.n.n.n.u.n.hhhh_ﬁ_h‘...i-.-i.t.i-.-ii.ti-h-i_i .. iiiii-h-iii- i--i-.-“.-i-l-l-l.l-lil1luﬂ---l-_.--i--t.w-hihhhhhhhhhhhhhh-h-h-hhhh.-ﬁ-‘--i 11-1-.1-_-.1-_| CI 'I:I:-:I:l}t_-_-#_ q."‘ " ‘l\':{'* 1.
. .\ . . . . . . . - .
l- -."I-J"" . | I a = m_m_m_m - m om dmapdmek m Em Em Em EEEEEmm S '-'-'-'-'-'-"‘. . L R R L L L L L L L L L "' Ll L R C momm m m m m mm om drdnks m o EEE == . o m gEg R ‘i'j. ' . 1 .
L2 -k e __i-!.l_._!_h_._._._._!_ A EA A S r s e rrr F R R RPN FEFRFEFEFEFFEFFEOFFEFFEOF S FREOFEREO PR CREORE R B . . . ‘_._._uv. a-'b ----------------------------------.-_-_._._._;_]_]_;_:_: 5‘.- .,‘__ L I T .
. L] - - » * L
'f ! ¥ il‘h-‘--l-'l"'ll [T - kT I-'-h ‘-'- -:r - E.|"-|I ) .
b B e LI D LT TR e T :
* RO -- araram
;.. gl o
. -
1] .
.'I - L -
T ]
L4 . - - !. L] L]
- [ ] ’ - o - R - []
1] . - O | a 1] - 1 -
+ L . L L | L] 1
| ] 4 - - ] + T -
= L] 41 . - - [} '} L]
| * L L] L] L] - | |
. + L ] L] .
‘_: L M - I’ LS * ¥ - "
L ] [ ] » - [
LA . do 44444444444#444444444-44444444444444#44444444443444444444444444444444444444444444444444444444444444444444444}.*;' *ll_ ‘i +* 1 .
L) - L] . . " LI | 1
4 L] ] [} 1 | | - 3
. . Ll g - + oot - 1 ]
- L] - L L] 1 e * F 4
L] | ] - h . L & * L] - h
’ 1 =k or A L4 L L 1 .
A " e . s L ;o . .
[ Ll * k - ;T '.. . iy o
* 1 k k
. * L | . . 'l L I ) L] i
L -" ¥ > - LI | 'I' L} L] '
+ o e e i d by o™ m“mwmmm“mmﬁk ", sk ' - [ ] .
) N ) = s ww t ' xr * i -
. . A ¥ - LA - L o . ‘l_T-__-Il 1
4 ] [ ] ] ] ] " & 1
" Y 1 St .7 G "F‘ * A ™
L] 4 LI I T T L - LI} AN N B E_ Kk T h %4 NN A L .o - - F
. ‘- LN N "'I"l"l"I"l"l-***_**********_i.ll.l-.l-.l-.l-.ll-.l-.l-.i-.i-_i-_i-_i-_i-_-l-.i-_i‘l__ ._l-.i-.i-_i-.i-_i-.i_i-_-i-_i-_i-_i-_i-_i-_i-_i-_i-_-l-.i-_i-_i-_i-.i-_i-_i-_i-__i-_i-_i-_i_i-_i-_-i-_i-.i-_i-_i-_i-_i-_i-_i-_i-_i-_i-_i-_i-_i-_-l-_i-_i-_i-_i-_i-‘* R .i-.i- i-_i-i-i-i-i-l-l-l-l-l-l-l-f*******‘*******"""" " . +" 1 -J- T |_J- 0t .
F] E E R a L ] LI - T L L L
* - - - ' -+ 4 LA R R RN YRR RSN - - - - - - - - 'IJ." .- - - - - - - - - - - '\-.'II - - - - -t IR RS RN TEREENEN. L L L] 1 L § L k]
'.‘ 4 l. s n tror o oo —EEEEEEEEE R L L R N R L A R RN NN LR LR AR *EEEEEE RS L . Tt b . "_‘_il'bh ' -l ' .. . ¥
L T - AL y * [] ' -
‘4 1] I*bq:."::::::'*".*'i'i'i A ok r r r F F Rk h ke kR R Rk ko ke - e il ..i'i'i."*":::::1-.::...1'.. .l. ‘_r' T : &
- :.l:. L A R A L L T T T T T T T T T T T T T T T b"'l“l-“'l-“l“l-“‘l-.‘lt"'t't't't't'."t't't't't't'i'-'-'-'-'-'-' W "' .-' [ 3 ’
. . . . . . . . . . . . . T x x .
b
'!* '!“ ot ' .l".l » q*
“ ) , 'l' I|I|' _"l ‘-l 1
L] .- L] 1 -
i . ey . . - ! -.,..'. comn i r
' * -hﬁwwmﬁ'.-'.'.'.'.'.'.'.'.'.‘bbbbbbbbb-*-‘--‘--*-bbb bbl-b.h" ‘-bbbb*-‘--*-*-‘--*-pbbbbbh"""""""'tww m"‘*" .r" A "- -
L ’ . " L }:"l._ Lo L
* s -t » 1
L R R R A e T N T T T RN i_t_-_i_-_i_-_t_-_._._._._._._._._._._._._._._._._._._._._.: L L T e R R R R I R R R R R R R R e , "‘l = r W
. - * ko )
L * + i"l.' e "‘b
‘., : o i .
‘. T 3 : ..,"’..'.' "
. e . 3
- .
* E R I I R e .-.-;.l. 4T . e i
- F i s = m o mmm s m s mmm s m e e .. . - "“l_..'l-.i *
- SR . gy re - , - P
e '.‘\----\----\----\----\----\----\---—"\“‘\--\----\----\----\----\----\---‘\- - - ‘.:Ei:-!:.-' I
2 r - ]
i, . b e i e i T e e i e i e i e e .'}": . '-.' L] ". -
oy - T - g
M man R A REEEEE R LR N R LR TN R, VR s At PR N -~
T L L Lttt Tt sttt L e e T e et e e e L b E ETE R R L BB B B R R R R OLTETE OB RO E LEE R E R R R _ EEE R E R ] -k R OE R R OE MK E A EEEE M e e e e " e w " [ e e e ) -
" . . " -
T .
it #.i LY r : ) [ L E -
L N I L T T T R L T T T R A TR TR T RN L N A Nl

3

HG. 60



US 12,318,513 B2

Sheet 8 of 12

Jun. 3, 2025

U.S. Patent

HO0)

H06H

n.p.w_
o
o

™
R el

-

) 1 ‘p = .. :

FIG. bk



amef

302

.. . . ..........__.._.__.__.._...._...
T T R NI o A A et oy
- .. L T T st sl al sl el .

1 PP Lo O G AL AL pCaC L AL L a3 Al -

... .__

o e e e e e e ._...4”.4”._...4.4._...4”._._”... ot s e

) L) MW W] o
e

-

.4..__...4..4...__.“.4._..........._..4....4.4...4........44....4.4....4.4 L) o iy
e e e e e e
LN N e e

» L)
ol "R
L) 44”4H4H4”4“4H4“4H4H4“...“
. S
T e e s

de i e A e e i i i i e i i e e e

L) A :
g e e g e o A

L g N o A A
N N A r X

e e s X x ww

e XX

- R N e ) R g

| &H...H}H.-H...H}H&H...H H H...H}H-_.at...}n&u......}
o & o o o o A o P I R I e
T T e o rm

L R R N R R R R O R R R R R 1'1*1-.Tl.r1l
-
Fror oo

US 12,318,513 B2

L}
L
L L r.-rbr.- r.-r.-r.- r....r.-.r.-.r.-r.-r.-.r....fb.rl-rl.r.-r.- r.-..r.-..rb-r.-r.-.r.- r.-r.-..r.-.r.-..r.-.r.- r....rb..rb-.rl.rl..r.-.r.-.r.-..rb-.r.-..r.-.r.-.r...r.-.rb-.rl..rb.r.-.r.-.Tb..Tb-.r...—.b. -.1. 1- 1 ' 1. 1 ' 1. ) ' 1- r ' 1 ' 1. ) ' 1- 1 ' r rr . r '
T T R R A N ”................. .................ﬂﬂﬂ].-.ﬂﬂ]l
\ A a4 m & a m a “l“n."n. e e R e e e e
lIlIl lllIlI‘.Il L L L T
[l ] [l ] » P T T T T T T B T T T |
Col e A ) B b & & [} + e e e e P e
...H.q#._q”.......q”.q”...u.q#.q”..ﬂn# .___._..H.q# P .....4H.4H#H#H.q“a.“a....q.........a....q..........q“.._"-_ = SR . AL, SR b.... ._T,..“.. .“.-._TP."
" o .-..-_.-_....l_.-.l......-_.rl_.._h.rl..r.-..r.-..r.-..r.-. .-_.r.-_.r.-..r.-_.rl_.rl..r.-..r.-..rl..rl.rl..rh .r.-_.rl_.rl..rl....l.rl..rl..._ l_.rl..rl. 4.. U - e . -. _...
I = Lk bk h h E k Ak ko Lk kb b bk h h ko h kb Ak Ak k koA A N | I
[ ir M & Jr & & B o b bk bk b B d b b ok Jr d drodr e e e Je Jr 0 dr r & O & N Ir . '
o ._-ﬁ e A N s *
II II I' I‘I l-_ - .r.__.r.__.._.__.r.__.._.__.r.__.__.__ .__.r.__.__.__.r.__.._.__.r.__.._.__.r.__.._.__.r.__.__.__.r.__.._.__.r.__.._.__.r.__.._.__.r.__.._.__.r.r:. .
I-. l-. l-. III‘- l-_ - e L W T N PN ] .
e II"I'II"IUII,. = N R T T R T T X
I-_ l-_ I-. I-_ l-_l‘- iy Tt B 4 ettt .._.__.r.._.._.__.r.__.._.._.r.__.._.__.r.._.._.__.r.__.._.-.r.__.-.__.r.._.._.__.r.__.._.r.....-..-_l_ =
" .- -' "‘.-.."--‘- X . = & & .r...'l..r.'.r.r.r.T.r.r.r.T.r.r.r.T.r.r.r.T.r.r.r.T.r.T.r.T.r.r.r.T.r.r.r.T.r.r.r.T.r.r.r.T.r.r.r.T.r.r.r.T.r.r.r.T.r.r.r.T.rb- - P T
l-_Il_l-.l-_Il_II,- Il__.._.l .r.__.r.r.r.._.r.__.r.__.r.._.r.__.r.__.r.._.r.__.r.__.r.._.r.__.r.__.r.._.r.__.r.__._...-..-_.-. | .r.....r.r....-.l...l....l_...l...l....l...l...i....l_
- n N R I I I N N | W i ik k k k kR R EFEFF A
II I-. I' %""I'l‘l ' N Pt E Il .__.r.__.r.__.._.__.r.__.__.__.r.__.._.__.r.__.._.__.r.__.._.__.r.__.__.__.r.__.._.__.r.__.._.__.r.__.._.__.r.__.._.__.r.__.__.__.r.__.._.__.r.__.._.__.r.r.._.__.r.__.__.r.r.__.r.__.r.__.... [ ] X A dr_Jr Jr
III-.I-.I-.II ' - ...n.r.r.v...........................-..-..-. lln- .r.__.r.._..1.._..1.._.r.._._1.._.r.._.r.-.v.._.r.-.r.-.v.-.t.-.r.-.v.._.r.-.r.-....-..-_l_ -
-.- ) - b & W W W N i ir |l = 4 & & & & & & & & & & & s & s s E s s S S s S S s E A s E S s A S s S
Il_l-.l-_Il_Il_ o | i - .__.__.._.__.__.._.__.__.._.__.__.._.__.__.-.__.__.-.__.__.-.__.__.-.__.__.-.__.__.-.__.-.-.__._...-_Il
II- ' w B A &k h h h k& k k kb k bk &k k ko bk k k& Ak k koA & A
I'lII-.IIII D om | = b b bk b b b b b b b h b b bk h bk bbb bbb bbb bk bbb bk ki III_ [y e SRR [] [ ] R R
lll ' a2k kM bk ki & 1 = 2 Ak h kb bk h kh h ok kb b bk h kh bk ok bk b bk Ak Ak koA h kA I [ o e e e e e o .
o " a . - rror ro . rrow .
III-.I-.I-.II I E R N N N ) X A 4 &k h h k k& k k kb k k& k k ko bk Ak Ak kk kA Nk I-..vvvv FFEEFEEEFEFEFFEF rw
-.- ) b & & & N’ W N Nk ir & |l = 4 & & & & & & & & b & & s & s s b s s S s s s s s s s s s s s E S N P T T R R R N B | - i oam odm e &,
IIIIl-.l-_Il_ ' - b b b b b h bk h bk b b bbb bbb bbb b h bbb bdhihidhhihsdd II_I..........._..._............_................_..._.......... . . . . PR et '
III-.IIIIIIII- ' w B A &k h h h k k k k kB k bk &k kb bk k k& k k ko k& A III-_ R R M M e W ) .ll.
' ' | i = L & & & b b b & & b b b b b b b & & & b b h & h b h b & b b b & &k & [} [ [y ) [ [y " = m = m o ®m oE oEEFEEEEEEE ....-.J..r N a
III'III'III ' A = 4 b b & & & b b b & b b b b & & A b b & & b b b b b b b b & & b b & I II"I"I"I"II.III‘II‘IIIII‘II..ninninninninninni I o T o el Tl ] .
III-.I-.I-.II ' - b &k dr ok b h dro b ook dr b drod dr b bk bk bk kb bk doohdd bk “l-.l-. l-.I l-.l-.I-.l-. | B Jr dr & Jdr dr dr dr dr & o & Jr & Jr § X X P e -
' ' B 4 b b & & & b b & & b b h & & b b b & & b b b b b b b b & & h b k & J dp o o @ de de o drodp dpodp o dp o dp o i . ™
Il_l-.l-_Il_Il_ ' | i - 2 4k h h kb Ak k k h ok bk Ak b bk k h hoh s bk Ak Ak h koA Ak k l-_l-.IIl-_l-.Il_l-_l-.l-_IIl-_l-.Il_l-_l-. m ¥ » AN T 5 .
II II I-. II II ! X a .._.r.__.._.__.r.__.._.._.r.._.._.._.r.._.__.._.r.._.._.__.r.__.._.__.r.._.._.._.r.._.__.._.r.._.._.._.r.__.._.__.r.__.._.._.r.._.._.._.r.._.__.._.r.._.._.__.r.__.._.__.r.._.._.._.r.._.__.- II » " " » 'I' III -I-. 'I' " ™ .r.T " I_.
e N NN NN RN NN NN e e o *
I-. l-. l-. %II"I- .” l" nu .__.._.._.._.._.._.._.__.._.__.._.._.._.._.._.._.__.._.__.._.._.._.._.._.._.__.._.__.._.._.._.._.._.._.__.._.__.._.._.._.._.._.._.__.._.__.._.._.._.._.._.._.__.._.__.._.._.._.._.._.._.__.._.__.._.._.._.._“ III"I..I"III"III" I" II-. 'l-. Il-. a "H .r” .. I
I-_ Il_ I-. l-_ Il_ ! "N RN NN NN NN NN NN NN II_-_ e e l-_I II_-_ l-.I l-_I T e e
III-.I'lII' ! lli- .._.._.._.__.__.._.._.._.._.._.._.._.__.__.r.._.._.r.._.._.r.__.__.r.._.._.r.._.._.r.__.__.r.._.- IIIIII.III'II.III'II.IIIIIII-.I' . ) 4“ P X
' P S ) w 2 2k h kb bk h h h ok kb b bk kh h h kb kb bk Ak Ak koA A A Ak E EFEEEFEEEEEEEEREEEEE R I N
III-.I-.I-.II ' &k d i i i - b & dr h dr ok b oh b b b b dr ok dr h drok bk de ok drodh b d ook bk b b ir il IIIIIIIIIII-.IIIIIIII-.III' .rl....! x X R AR E i a A T
' - s a T R N U U U S ' B 4 b b & & b b b h & b b h & & b b b & b b b b b b b b b & & b b h & J & L T ) H . [ -
Il_l-.l-_Il_Il_ ' A A A L R A Ak 2k ke b & b i i & | i - 2 4 Ak h kb Ak h h h ok ok kb bk h kh ko bk Ak bk k k h ok Ak A l-_l-.IIl-_l-.Il_l-_l-.Il_l-_l-.IIl-_l-.Il_l-_l-. = AN F . T B .
' w B A &k h h h k& k k kb k Ak &k k ko bk k k& Ak k koA & & A FEFEEEFEEEEEREEEEEEEE R I x e W -
.' '- .. .' '- 1 - .r.T.r.r.r.'.r.r.r.T.r.r.r.T.r.r.r.T.r.r.r.T.r.r.r.T.r.r.r.'.r.r.r.f.r.r.r.'.r.r.r.'.r.r.r.T.r.r.r.T.r.r.r.'.r.r.r.T.r.r.r.T.r.r.r.T.r.r.fb- “‘ ..' ." '-' ..' ." '-' ..' ." " x K . h'... .F h [ N N |
III-.I-.I-.II .. lln- I e e I I I I E,: III-.IIIII-.IIIII-.IIIII-.IIIII-.II Hll I
II_II_II.II_II_ ' ' B 4 b b & & & b b & & b b h & & b b b & & b b b h b b b b & & b b kh & I II_I-.'lI_I_Il_III.'lI_III_II-.'lI_I Pl A F ) | A A .
' - b b b b b h bk h bk b h b h bbb bk bk bk bbb b b b b h b i b b EFEFEREEREFEEREER n.-_... E N 4 o B e e I
r w B A &k h h kM k& k k kB k k& k kb ok bk k k& Ak k ko k& & & A 3 | i Ll i e
III-.I'lII' ' | i = 4 & & & & b b & & & b b h & b b h b & b b b b & & b b h & b b k & & J I'II.IIIIII.III'II.III'II.IIIIII.I' A E X
' w 2 &k h kb bk h h h ok kb b bk k h h kb kb bk Ak Ak koA Ak kA I EFEEEFEEEEEEEEREEEEE R w2 W
l-. I-. l-. l-. I-. v - P T T T T T T TN “I l-.I l-.I I-.I_ l-.I l-.I I-.I_ ) l-.I - ' I
II_ %ﬁ""!'""l‘ N ll " st e l-_l-.I"lII"II_l"I-.I"l-_l"Il_l"l-. 'l-_ L ar :
1 .'"...'" 1 - E N T DO DO O BOF RE- O RN BN DN BOF BEF R RNF REF DN REF DN R DA DOF D BN DOF RO RO BEF DOF BN REN R RN B '-.'..' [ ] [ ] [ ] [ ] '..'." o E
r w 4 Ak h kb bk h kh h ok kb b bk h h bk ok bk b bk Ak Ak koA Ak A I Il
“Ilﬁ“l!l'll.l""l' 1 - 4 & & & & & & & & b & & & b & & & & & & & & & & & & & & & & b & & Kk J IIIII-.IIIII-.IIIII-.IIIII-.I-.IIII.II & X
l-_ Il_ l-. l-_ II_II- .. . .._.r.._.__.._.._.._.__.._.__.._.._.._.__.._.__.__.._.._.__.._.__.._.._.._.__.._.__.._.._.._.__.._.__.__.._.._.__.._.__.._.._.._.__.._.__.._.._.._.__.._.__.__.._.._.__.._.__.._.._.._.__.._.__.._.r.._.__.r.-. II_II II II_ -_I II II_ I'l-.IIl-_II et
II- r w B 4 &k h h h k& k k ko h k& k k ko bk k k& Ak k ko k& & N o .
III-.I'lII' ' - 4 & & b & & b & & b & & b & & b & & b & & b & b b b b b b b b 4 & b IIIIII.III'II.III'II.IIIIII.III'I-.I' ar . N
IIIII-.I-.I-.III ' w 4 2k h kb bk h h h ok kb b bk h h h ok bk Ak bk Ak koA Ak kA I-.I »EEEEEERER Il-.Il-.-_ .r.-_... i
lll 'y " . .__..1.._.._.._.__.._.__.._.__.._.._.._.._.._.._.__.._.__.._.._.._.._.__.._.__.._.__.._.._.._.._.._.._.__.._.__.._.._.._.._.__.._.__.._.__.._.._.._.._.r.._.__.._.__.-.r.-.._.-.._.__.r.-.._.._.._.t.-..l " » » " » » " » » I N
II"I'%“I..""I'""I‘II- ' | i = .._.__.._.__.__.__.._.__.._.__.._.__.._.__.._.__.._.__.._.__.._.__.._.__.._.__.._.__.._.__.._.__.._.__.__.__.__.__.._.__.._.__.._.__.._.__.._.__.._.__.._.__.._.__.._.__.._.__.._.__.._.__.._.__.._.__.__.r & II_II_I-.II_II_I-.II_III-.II_III-.II_III-. l-_ " 4
.'"..."- .- lll .T.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.'l. '-"""""""..".'" K P
%ﬁ“liﬁuulll' . ll 2" AR RN RN RN N NN NN NN IIIII-.IIIII-.IIIII-.IIIII-.IIIII-. l-. o I -
' ' B 4 b b & & & b b h & b b h & & b b b & & b b b h b b b h & & h b kh & d [] [ [} [] [ [} [] [ L . .
l-_Il_l-.l-_Il_lI" ' - 2k Ak h h kb Ak h kh h h ok ok b bk h kh ko bk b bk Ak Lk koA A A II_I-_l-.I EFEEEER Il-.Il-_I e AN E 2 . X ']
r B 4 &k h h h k& k k kB k k& k kb ok bk k k& Ak k ko k& & & » .
III-.I'lII'I' ' a 4 & & & & b b & & & b b h & & b h b & b b b & & & b b b & b b k &k b I'II.IIIIII.III'II.III'II.IIIIII.I' X
l-. I-. l-. l-. I-.II" .. .- n.._.._.._n.._.__.__n.._.__.._n.._.._.._n.._.__.._n.._.__.._n.__.._.._n.._.__.._.._.._.__.._.__.._.._.._.__.._.__.__.._.._.__.._.__.._.._.._.__.._.__.._.._.._.__.._.__.__.._.._.__.._.__.r.....-. III-.II I-_ II II I-_ III-.III-.II N . 1 ']
Il_ l-. l-_ Il_ Il_ l-_ W . .._.__.._.__.._.._.._.__.._.__.._.._.._.__.._.__.__.._.._.__.._.__.._.._.._.__.._.__.._.._.._.__.._.__.__.._.._.__.._.__.._.._.._.__.._.__.._.._.._.__.._.__.__.._.._.__.._.__.._.._.._.__.._.__.._.._.._.r.....-. l-_l-.Il_l-_l-.IIl-_l-.Il_l-_l-.Il_l-_l-. l-_ .._..r . : 5 ?
II II I-. II IIII" Lt A & &k b I Jr o Jrodp dp & X a l.._.__.._l.._.__.._l.._.._.._l.__.._.__l.._.._.._l.._.__.._l.._.._.._l.._.._.__l.__.._.._l.._.__.._l.._.__.._l.._.._.._l.__.._.__l.._.._.._l.._.__.._l.._.._.._l.._.._.rl. I-I-.II 'I I_I II 'I I-I-.IIII'I 1-...? T T T |.
I-_ l-. l-_ I-_ II l-_ .~ ....-....-.r.-.v.r.....r.....................-..-..-..-. . TR RN NN NN N NN N NN IIIIIIIIIIIIIIIIIIIIIIIIIIII l-_ -1...._ . l__—r._-.l.-.l..ll.ll Cata et :
f .-.-.'-.-.. 1 r = == 4 & & & & & & & & a2 a = a a & & W M U o Jrodr dr | &k = a & & & & & & & &2 b & & a2 b &2 b s bk s b a2t a sk s dh sl s sk s s E oS N '.-' [ ] [ ] [ ] [ ] '.-'-" ror - . - F F - .
] I = maa b B b ahadkakakahakakahadaodsd h hdkiddidk - 2 4k h h kb Ak k k h ok bk Ak b bk k h hoh s bk Ak Ak h koA Ak k P PR = P F L. I ]
&""""&““""""“"l rataa -ilil.-_l.._l.._l.._l.._l.__l.__l.__l.._l.._l.._l.._l.._l...l.._l.__l.__l.._l.._l.._l.r".._H.._bb“t“kn.#”#”#”l.”l.”l.“li . “ “.._“.._“.._“.._.._.__“.__.._.._“.._.__.._“.._.__.._“.._.._.._“.__.._.__“.._.._.._“.._.__.._“.._.._.._“.._.._.__“.__.._.._“.._.__.._“.._.__.._“.._.._.._“.__H.-. I"II"I"III"III"II.I"I'I"III""" -"" al --.'- 1i.th.lHlF.lb..I|l. X
I r 2 ma s a s s amaaasaa s s s s aasoaaoaa - - - - - - - - - - - - - - - rm
] ' or n om s s bk Nk a ks ks kha ks ks homhoahoa hoa kh kh kok b d dodoi i X LY RN RN RN PP PR = I
Il_ l-. l-_ Il_ Il_ l-_ e aa .nnnn.-_n.__n.._n.__n.__n.__n.__n.__n.._n.__n.__n.._n.__n._.n.._n.__n.__n.._n.__n.__n.r-_.__n.__.._.._.._.r.._.r.r.._..r._......._...............-..._..-..-. * l_ * .-..-..._.__ Y W l-_l-.Il_l-_l-.IIl-_l-.Il_l-_l-.Il_l-_l-. l-_ -1...._ . 4 I
II II I-. II IIII" et -.._l.-_l.._lil.._lil.__lil.__lil.._lil.._lil...lil.__lil.._lil.._l.lI.._.._.._l.._.._.__.._.r.t.r.T...............-..l.....l..-.l g x .-.l -II.IIII'I I_I II 'I I-I-.IIII'I -1.'1. Lt . X
I-. l-. l-. I-. I-. l-. ) b FE TR n.._.-.-.-.t.-k.r.._..r....................-......-..-..-_.-..-_l I_ o .-.....-. F k& III-. III-.III-.I-.IIIII-.IIIII-. l-. . ..”r.-_.-. I
I-_I-_I-.-_-_I-_-_I" . B S T e e R NN R R i . X
S e i ettt e aaaaall s .
S I-.-_I" ' ", Fatnt L " LT S
=) e, . b R Tmmen 3
[ ] ) b E X [ R - ] [ ] [ ] [ ] [ ] [ ] o - . P . -
. . Ve X R E R FFITERRRRN L
e ” S e L T T B R R R RGOt
. I A [ L EERRENEREXTNERRENERSSX .
~ e : X N e o e o a 5
s e : s ety et O e X s oo
. ' i " xmoa o . s . mam o .
IIII"lI“IIII"ll""%II" ' “ nnnn .”-“._._” e, .rH rE N urn lﬂ. . -y '.l.ﬂ.i... .J.I:H.”
III-.I-.I-.I-.IIIII-. X E X nnnnnnn....il'l..l..l'l..l..l'l..l..l-.l-. E x AN X F F & O i e e . W _— a
e LT L " X Ilﬂu.. P N N ) i...nin...inn...n...i...i....l."‘."l.. » ."I..."‘I - .r.r.r.r.r.r.r.r.r.r.._..r........k-____..r.....r.....r.....r.r.r * .. ...ll-ﬁ..l...l-ﬁwﬁ..r . . .‘
l.t i r, H_ IHH! .._I.._l..__I.__l.._l..._l.._l.._l..._l_.._l_.._l..__l.__i.rl.._t.._l_.._l.._l.._i.rl..__l..__l....l....l...l...?.._l..._l..._l..__l..__l...l...l...l....!...l...l.-.l" '."-1'% '.I“ I_.I." - Jir .-_I.rl_.rl.rl.rl_.rl.-.l.—.ii.l.rl....l.rl..rl [ lrt—_.__.—_.11tltr-1rl—_.__.T!ltllq!1trl-..__.—.
l-. I-. l-. l-. I-.II" N .__nnn.._nnn.._n.l-_.._.._.._n.-.-.-.-.r.r.r.r............_..._............-..-_.-_.-..-_- , llﬂu.. .._..__.r.__..1.._..1.__.._.._1..1.._..1.__..1.__......_..1.__.._..__..1.._.....__..1.__.._..._..1.__.....__.r.._.._..r.r.__.._..._..1.__.._..__.r....v.__.r.__.r....v.__.r.__..1.._..1.__..1.__._1.._..1.__..1.__..1.._..1.-.-_.-.- l-.II I-_ II II I-_ IIH .r.r.r.r.v.r.r.r.t.r.v.r.r.....q.-_t.r.....r.r.r.....r..r.r_.I_.. FFF v..._lrl.._.!...l...._.l....!.._.l__ P
Il_ II. II_ Il_ Il_ II_ ' a a2 =2 m a |p a b & & b W U oJoir dp & ol IIH! .....r.-...r.....r.....r.-...r.....r.....r.-...r.....r.....r.-...r.....r.....r.-...r.....r.....r.-...r.....r.....r.-...r.....r.....r.-...r.....r.....r.-...r.;..r.;..r.-...r.....r.....r.-...r.;..r.;..rb..r#.rb..-.-_ A II. Il_ II_ II. Il_ II_ II. Il_ II_ II. IIHH .r.r.r.r.....r.r.r.r.r.r.r.r.... .-_n....1._1..1._1.-._1 - .-... ST e . P .
' i | a . R
e : B O e e TSSO NI et el
' . 2 a . e e .
' ; i i i iy dr dp i e dp e ey iy iy i e e e ey iy iy e e dp e e iy dp i i e bk . . .
al-_""-_l-l"!l-_-_"ll""-l" . , i R R R T . . e
e ey . , a8 e E
e I-.-_I" . . e a aa a a a a a a a aa  a a a  a a  aa  a  a b N
L . , I I R R R A A I-.I-_-_-_IU. o o
I' II I-. I' IIII" ! I_ IIH L L L] l.l.l'l. il.l.‘ill. l‘l.li L L L B l..-_i.-_l..-.l..l l.ll.ll.il.ll.ll.il.lil [ ] » '-II.I' = -._1...1...1. _1...1. —_-__..tq.i.rl.-.
e ""l-""-_-.%""I-I-. ! i A x et P R
lﬁ!!l!lil!lili!il!“" ._ "_ .r-_-_-._-_ Hlll-l-_nll L nlll__.lnlalxlalxl:lxlxlxlxlxlxlxlxlxlxlxlxlxl".a"lallll = I-.III-“-I“I-. IU“II“I-. we,
k B d EEEEFEEREERR L] | ] |
h‘.""lﬁl‘“l.""l‘n ' I_ a" li.-_l..-. '”l.”l.”l.”l.”l.”l..-_l..-_l.”l..-_l..-_l..-.l..-_i.-_i.-.l.-_l..-_iI_lli'i.-.llili'll"i'i'i'l' ] ﬂ 'I_I'III-." 'I_ IIII."II'I_ E_IE N A
Il_ l-. l-_ Il_ Il_ l-_ l_ " 1.__.-_._...-. & 4 h b k& T e T e o P L P r - l-_ Il_ l-.II_l-_l-.Il_l-_l-. l-_l-. | IIHH .
II II I-. II IIII" . K a ll.- o .....__.._.__.._.__.._.._.._l.._.._.__l.__.._.._l.._.__.._l.r.__.._.._.._.._.._l.__.._.__l.._.._.._l.._.__.._l.._.._.._ .._l.._.._.._l.__ II III"IIII-I-.IIII'I I-I-.IIII'I | 4 IHIH
%l-. l-. I-. I-. l-. , " .-..r!t..".—.'....l.._.._ TN RN NN NN NN l-.l-. III-.II l-.I-.l-.l-.I-.l-.l-. l-. | IIHH
l..ll""llll"ll""ll""lln ! . F T S S e e e e R e e e R Rl -_Il-.IIlIIIIII'l-.IIIIIIIIIIl-.III-_II r IIIH
& = 4 & & & & &2 b & & a & &2 b &k s b a2 s s sk s b s s s ks hoaok |,
T _ s e g
. - r
Il_ “I-“I-.II"I'II"IUII . . RN RN RN RN N NN N N ¥, l-_l-. l-_ II_I-_l-. l-_ II_I-_l-. l-_ llllﬂH "1
Il"" II I-. II IIII" . X a l.__.._.__l.._.._.._l.._.__.._l.._.._.._l.._.._.__l.__.._.._l.._.__.._l.._.__.._l.._.._.._l.__.._.__l.._.._.._l.._.__.._l.._.._.._l.._.._.__l.__.._.._l.._.__.._ & .rl..-. l_III.III"IIII-I-.IIII'IIII-I-.I'I"I IHIH e
& & “._-u & -._u-._" ﬁ R R R R ._u“ -“ -“._u“ -“ -“ -“ -“ S aTuna, i .
' . - - - - - - - - - - - - - - - - -
[ ' ' - I T N O U U a 4 b b & & A b & & & b b b & A b b & & b b b &4 b b b b & b b b o4 & *k & [ [} [ [ [} [ [ [} [ X 'l .ﬂ.l-.l..‘
%""I'""II.“I'""I'I' T - l.._.._.._.._.r.__.r.t.-...T...............-..l..-.l..-.l. x a" .._.._l.._.__.._l.._.._.._l.._.._.__l.__.._.._l.._.__.._l.._.__.._l.._.._.._l.__.._.__l.._.._.._l .._.._l.._.__.._l.._.__.._l .._.._l.._.__.._l.._.__.._l .._.._l.rl..-.li I'I-. II III'I-. II II I-. II IIIIHH - '] F
l-. I-. l-. l-. I-.II" . .. e aa .- RN RN NN N N N NN .._.__.t.....-..-_l l-.IIIIIIIIIIIII-.IIIIIIIIIII-.IIII'I IIHH '] F]
S II"I'%“I-.""I'""I.“- . e " a" .._.._.._.._.__.._H.._.._.._H.._.__.._H.._.._.._H.._.._.._H.._.__.__H.__.__.._H.._.._.._H.._.__.._H.._.__.._H.._.._.._H.._.._.._H.._.__.._H.._.._.__H.._.__.._H.._......H.t”..“ll.ll.l"l..l"lll"lll"l..l"lll"lll"l! 'l-_ al III"HH . "l .
. ' . - - - - - - - - - - - - - - - - -
Il_ II_ II. I-_ II_III . ' , . i- .._.__h.__.._.._h.._.__.._h.._.__.._h.._.._.._h.__.._.__h.._.._.._h.._.__.._h.._.._.._h.._.._.__h.__.._.._h.._.__.._h.._.__.._h.._.._.._h.__.._.__h.._.._.._h.._.__.._h.rl.....li | I-.I I-_' II_I_ I-.I I-_' II_I_ I-.I I-_' IIIHH ] .
I-_l-.l-_l-_ll . r - N E R R R s IIIIIIIII-_IIIIIIIII-_ mrx A ']
l-_ Il_ l-. l-_ II_II- .. . n.__.._.__n.._.._.__n.__.._.._n.__.._.__n.._.._.__n.__.._.._n.__.._.__n.._.._.__n.__.__.._n.__.._.__n.._.._.__n.__.._.._n.__.._.__n.._.._.__n.__.._.._n.__.._.__n.._.._.rt.... Il_-_Il-.IIl-_IIIIIIl-.IIIIIIIII'l-.IIIIII IIHH
%‘. .' '- .- ..- ) r X - I.rl.rl.rl.rl.rl.rl.rl i T S i i I.rl.rl I.rl.rI.rl.rl.rl.rl.rl.rl.rl.rl.rl.r.r.r‘b- '-.'.. .'..".'.. .' '-.'.. .' ..-Hx
. ' - .
I-.l-_""-_tii“ll""-ﬁ- . N P A a ettt e e e e e e e e e e e e o [
llﬂli“liﬁ""!'""l-ll- g N . R ST T e e e e e e e R “ui N - [
.' '- .. .' '- . .-l ll.rlll.rllI.rlll.rlll.rlll.rlll.rlll.rllI.rlll.rIIIEEEIEEEE.T.T.T.T.:....&-&.}.I-I.I.‘ X ll I.r.r.rl.r.r.rl.r.r.rl.r b & & b & & b & ks oA .r.r.rl.r.r.rl.r.r.rl.r.r.rl.r.r.rl.r.r.rl.r.r.rl.r.r.r.'b- '-.'..".'"""..".'"""..".'" -Hx .
II I-. II II I' . e R S T e e T Y .__h.__.._.._.._.r.__.r.r.-...r............;..-..}..-.l..-. HI a" h.._h.._h.._h.__h.__h.._h.._h.._h.._h.._h.._h.._h.__h.__h.._h.._h.._h.._h.._h.._h.._h.__h.__h.._h.._h.._h.._h.._h.._h.._h.__h.__h.._h.._.r.... II I-.IIIIII.II I-. II II I-. II IIIIHH . Ll e ot e} i r Lo 'l
II_II_II.II_II_ ' e B 2 o 2 & m & 2 b 2 & 2 b 2 & 2 o na b a & 2 b ma b a2 b 2 b 2 b 2 h 2 & & II-.' 'I'III.'IIIII.II..'III lllun ra & oa . .. PR K 1!-.!.........-..
. ' . I R N T T N N T I ) PP PR IIHH L i B ']
&""""&““"""" . ' ll - h.._ " .._.__.__i.__.__.._ A b b k& A b b & .._.__.__i.__.__.._h.._.__.._ .._.__.__i.__.__.._h.._.__.._ .._.__.._i.... “""II"I"III"“ I"" -"" I_“ I"" -"" al IIHH . e e e e .r.ll.ul"lul.lllIb.II.Il. &
. ' - I I I NN NN ' FEFEFEFEFEREEREFEREER E X Vem ]
' ' B a s a2 & = s a2 & = a2 = &2 & = a & i o & O & & & & & F &
e ; S o A A Ly (0
‘__...r . ' PR Ii- h.._ " " " .._i.._h.._.__ .._i.._h.._ .._i h.__.-.... [ [} [] [ [} [] [ [} [] IIHH . - ....._ .....'..u.... .
%ﬁ“‘%ﬁl' . ', ...n.......r....v.r.._..r.._......._..............-..._..-. ll - - I R R .._.._.-.._..._ III"I..I"III"III"I-. Il-. II-. 'l-. Il-. a IIHH e . .I.LHII.I....I......II.I.-.!!.... .l.‘ :
IIIIl-.l-_IIIl_ . ' - a2k Ak ko Ak ko a2k a2k Ak ko Ak ko .._.....-_II_I R Il-.Il-_'Il_Il-.Il-_I r = A . e .-.v.-.'l.'.._v...'l...."...'....”-
II_ II. I-_ II_I-_II_II_ . . ll " i.._i.._i.._i.._i.._i.._i.__i.__i.._i.._i.._i.._i.._i.._i.._i.__i.__i.._i.._i.._i.._i.._i.._i.._i.__i.__i.._i.._i.._i.._i...i...i...i....l.....-.‘l_lI_II_Il.lI_II_II.II_II_II.II_II_ II_II_II. Il_ IIHH S . . .. ' - LT, 'l
II II I-.IIIII'II . ! X a TR N N Jr I_II'-II"III"I"III'III"I-."I"I IIHH T Y R LT —_.T-._...' 'l “'#
' e B A 2 m a 2 2 2 m & 2 2 2 & & 2 2 &2 &2 2 2 2 &2 & 2 &2 2 2 2 2 &2 &2 &= &2 & i LI | - f s e m s o na - o h
Il_l-.l-_Il_l-_Il_ll_ . ' | i - 4 4 Ak h kb bk h h h ok kb b bk Ak h kbbb b bk Ak koA A A A J l-_l-.Il_l-_l-.IIl-_l-.l-_Il_l-.IIl-_ | - P T N T I N N e '] h L)
IIIIII.IIIIIIII ' w B a s s s s s s s s s s s s s s s s s s s s s s s s s s s IIII-.I EEEER IIIII-.IIII " FRRTRTE N d ok o b dr & & dr & & J i
. I-. I-. l-. I-. I-.I-. . Yy i i i I-."-.I-.I II"-.I-."-.I-."II-.I I-.I I-."IIII IIHH 1....._........................_.................###l########&########&## 1 “
. ' r A 4 4 &k h h h k& k k kh bk E M Mk k k h ok Ak Ak Ak h kA AN r x A Pl R B R R Rl o e
hll""ll""ll""llll - .. . RN E R R E R R R E R R R E N Il Il-.IIl-_IIIl_II II IIIII‘I..III-_II IIHH . ...il.r.l..l. g s ']
' ' B 4 & & &4 &4 &4 & & & &4 & & & & & & & & & 4 4 & & & 4 & & & & & & & & & J [ i 1 & [ ]
III-.I'lII'III' ' | i = 4 & & & & b b & & & b b h & & b h & & b b b & & & b b b & b b k & & Jr II-.II.I'II.III'II.IIIIII.IIII.III' | i - . "l
II II I-. III'IIII" . ' X a h.._h.._h.._h.__h.__h.._h.._h.._h.._h.._h.._h.._h.__h.__h.._h.._h.._h.._h.._h.._h.._h.__h.__h.._h.._h.._h.._h.._h.._h.._h.__h.__h.._h.._.l' III_III.-II"III" -I 'I I_-I-.-III'I IIHH T 'l i
Il_ l-. l-_ II_I-_II_II_I-_ " Il " n.._n.._n.._n.._n.__n.._n.._n.._n.._n.._n.._n.._n.._n.__n.._n.._n.._n.._n.._n.._n.._n.._n.__n.._n.._n.._n.._n.._n.._n.._n.._n.__n.._n.._i-...._-_l l-_I-.Ill-_I-.IIIII-.III-_I-.II I-.II_I-_ IIHH ' - it p C)
II""III.II_II“II_I-_II_II_II" f - i.._i.._i.._i.._i.._i.._i.__i.__i.._i.._i.._i.._i.._i.._i.._i.__i.__i.._i.._i.._i.._i.._i.._h.._h.__i.__i.._i.._i.._i.._i.._i.._h.._h.__.l.r.-_.-_l_li_l_' I' II_ l_- I' 'I_ I-II.I'I-_'I_ IIHH - ‘a .l...h..._..._.
%ﬁ“l‘l'l‘l'l'ﬁ . . l" a" n.._h.._n.._n.._h.._n.._n.._h.._n.._n.._h.._n.._n.._h.__n.._n.._h.._n.._n.._h.._n.._n.__h.._n.._n.._h.._n.._n.._h.._n.._n.._h.._n.._n.-h.THi"III"IIIII'I"IIIIIIIIIIII.III"II.I"II - I"HH - ' “ .—..IJ_ . -. . . ... b ﬂ M
. ' . 2 a2 s a s s a s s s m s s s s s s s s s s s s s s s s s s aaaaa ™ L
lIl'I!IlIII!II"“II"II"I‘- : ' = n.__n.__n.._n.__n.__n.._n.__n.__n.._n.__n.__n.._n.__n.__n.._n.__n.__n.._n.__n.__n.._n.__n.__n.._n.__n.__n.._n.__n.__n.._n.__n.__n.._n.__n.r....-_ I"-_ x l-.Il_.._ W o .I l-_I IIHH ' & LA L i
I‘l'l'l'lll.. l‘l ' li.r 4 & b & & & b b & & & b b b & b b h & & b b h & k b b b & b o FEEFEEFEFEFETXERER | i - y P "l
l-. I-. IIIIIIIIIII‘- . ' s e RN RN RN RS n.__n.r.-..-_l_l L e e e e e L) i " IIHH ']
' L& A a = s a2 & = s a2 & = s a2 & = s a2 & = a2 s F R F F G FFFEF S K LS i ' &
Ill-.l-_l-.IIl-_Illl . i YRR EE N Y N Y Y N .xl . . ']
= = LA a4 & 2 2 &8 2 a2 &8 2 &8 &8 2 & & 2 & & 2 & & 2 &2 & a2 & & o i fr oy b koo i X dr dr dp dp i i &
II_II_II_II.II_II_II_II_ . i = LA & & & & b b & & & b b b b b b b & & b b h b b b kb b & g Y N EN] o Y ll 'l
[ = 2 s s s s s s s a2 s s s m s s s s s m s s a s s s x ) o ' &
.-.."...-".-.-'k | B = hd & & & & & & & & ks Sh ks Es s Sk s Sk s Sk S S .‘ 3 - ﬁ. .. .
l-_ Il_l-_l-.II_l-_Il_ll_l‘- ) e .._n.._n.._n.._n.._n.._n.._n.__n.._n.._n.._n.._n.._n.._n.._n.._n.__n.._n.._n.._n.._n.._n.._n.._n.._n.__n.._n.._l‘_......-_l_ l-_ ) II_ - II II_ . . Ill ] ) * ']
L - . . P
. a h h d ko dr A b i A = a s s s s s s s a s s s s s s a s s s s s s s skl o P I IR | .
III-.IIII.III'I'III" A b b b o ko odrir ko E N = Y A bk b & & A b A b A bk b & & A bk b & & A g I'II.IIIIII.II.III'II.II r'rF P L. ]
. l-. III-.I-.IIIIIIIII‘“ PR T P M N M RN RN RN R N N NN l_I-. e l-. Il-.l-.l-.l-. r r t H
.-.-.-.--.-.--.-.-- . ) - b & .Tb-.T...b-b.b.b-b.l.l-l.l.' * " ] ...r K. L] s & = & & & &2 & = - & & . - & & . - & & . - .l‘-.:.‘ " .-"--"- .-"- 4 .ﬂ | L ] l.'.—.. l
. .-.-.-.r.v.r.r........._..v._...._.._.............-..._..-. s X ] ....__..._.-. s .__....._ Y .._....__n.__.._.._ .__.._.__ I I EEE RN .-..-_.-_ ) el T e rw r o LN MY |
. o R kR N ' " il e et e e e e e e .-_.._.-..__l_.__.-_.._.-..__.._.__.._.._.._.__.._.__.._.._.-..__l..__.__.._.__.__.._.__.r.._.i Il. II. II.I [ = II.I [] [l ] 3
Th ok [ [} . r r rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr ek I-.III-.I-.I-.I-.l.-..-.I.-.
A [Y Ak & b oJpk ko S o Jrodr o dpodpodp i o . rrrrrrrrrrrrrrrrrrrrrrrrrerrr PR R rFF r
. [} a2 m =2 ma = & = & & b & Jododr dp odr dr O T T T T T S S S T T T S S T T TR S T T T S S T T T S I-.'III-. Lom |
' » w. 4 & & & & & & & & & & l.rlhl.rlh *.r.r.r.r.r.r.'.'.f.'.'b-...l.l-..l.' -..1..-1.-.1-..1..-1.-.1-.11..-1.-11-..1..-1.-.1-.1-..11l..- " » " '.'l.'* >
[} .1-ii.-.-...._.._.__.__.__.._.._.._.._.._....._bbb#ib.rb.r.r#####}.#}.#l.#l.j.i --------i-i-----.-...-..-_' .II.II_II_II.II_II. Il_Il.Il [}

- ]
---nhi.-.._.._h.._hnh.._hih.._hnh.._hnh...hih.._hnh..._._nnh.r.__.._h.rb.rb.;..r.....r.........;.........l.....}.j.l..-.l.lll ) a b a hoah n-.._h.._-.._h.._h.rh.._h.._h.._-.._h.._-.rh.._h.rh.._h.rh.rh.rh.._h.rh.rh.rh.rh....h.rh....h.rh.....rtl.li II"-_III' N I_III.'IIIII. I_III.

-

Ir et .in.__.-.rn.__n.__i.__n.__n.__i.__n.__n.__i._.n.__n.__i.r.__..._.__.__i.__n.-.r.-b.r.r.r.r................................-.....-.l..-.l Il_ L II_I-.II_II_I-.II_III-.
Prom " & F & & &4 &4 & & & & & Jroa b m b & O 0o drodrodr drodp i X III-.IIII | ] B
roaom A & & & & & U b J o Jr o Jr Jpodp dr F F & r | [ ] ] Ll
[y et - n.._n.__.__.._n.-.r.t.-.v.r....r.............l............-.....-..-.l.-.i I-.l-. III-.I-.I-.
= e PN N N N N )

'
.
]
.
.
]
"
r
L}
L
X
¥
¥
X
¥
»
»

o Gl

| HEEEEEEEEENENENENNNEFENNERE
R lﬂlﬂlllﬂl!ﬂllﬂlﬂlﬂun 4 by .
XA XXX R X R R E X S SCS SN

4 & & &8 & & &8 &4 & & 4 a

e e L e
)

....

2t e e .
DO Nl .
.._..__._1..1._......_.._......44.__.__._\-‘..

n At e e e e

. Ll
] l..r * L[] l..T‘..r l..'l.."..r l..r l..r l..r l..r l..r l..Tl.

111 110 4pg

P N N A N A A N A N o, o T
drdr e e dr e dp e e drdp e d e de dpde dp e de e de e de e de e e ey de e de B
ar T o T o T T o T T e T T o e o T o o o o o e e e Mgyt

..
i T ey gl T e e e e o alu ur
e L N AL AL e e N LN AN N NN N NN o e AN “...“..H...H “...“...“ H...H...H...H...“_...“...
L T I e i Vi Vi Vi iy ardr A .
. hn X ek i e el e e e e e e e e e e e e e e e e ..........................................-.._”.__”.”.._”.__..__”
. L M M st s i i i
. R A e e e A M e N ) & W, .4.4.......4....4......4.4....._”.1 e e
e . » » T
i il . T e LA AL
P I R, P ] L T S R S S Sttt A A A S N P N W N N )
. - - . . . - . . . . - T.T.'-.T.T.' - .r_.'_.r— L l-."."."."

b b &k k&
F ok ddr de o b b A b & & b 2 b a b a g

. P T T Y U U U U g i L
R T,

r
r
r
r
r
r
r
r
r
r
b
]
L]

= r F F F F F kW iriiirhk

"l

102

U.S. Patent
600
$



US 12,318,513 B2

Sheet 10 of 12

Jun. 3, 20235

U.S. Patent

700

Ol - -

. . - -
. - F R EF
- & & ‘.‘-‘_'_ PR T

e e m m om gmin e B

e S e e A e
- EEE o
P T . .

.
Tar ._...“.__“l“i“l”.q“... A
[ A .-........r.....v.r.....-.it......l.....__..-..

) n-.h-..._. .
R N R A O T T O I A ]
' e 'y .____I.l__..-_"-.
SR sl LN R LR
"

- H.r.q.........................._.......

A A A
= - »

Ay’

W

wd W R

Dl Wl a2
]
e ___...“ B g R ...H._q”.q“.-.“ ol

e
i

L ]
]
»
L]

LN
#:I-I

L |

.-_.-_" "
R e N ) “
[ .-.
[ _-”.-_k_ﬂu.-_....- &.4_...__-%.....__"..._-H”tt..._-.._w L N )
% %R ol el o) L

NN M M

L LN M A e el N

.
L J
'!'¥
»
T
»
'!:4"!-4‘.
hl‘:i‘:l‘*-l
L ]
>
L
»
»
»
¥
X

.
A e e
i i
AN A ]
Caf W
I*_l'.lr
i
el
e
K
ara
A
e
L
™
oy
"
X
F)
:-I:Jr:lr L)
E N
F
¥

A M A A A
M

o
5'-
o
i
|
|
|

&
A
~
A

*

* a
*
* a
k)
X X
E A
)

a A
o o i .:.'..-.."'I..I.r_...r

B b dr e A o0 b
e de b b b Ao b A
oA oA M b S e N

E ]
L3
»

i
[ ]

.-.l..#.r.....r.....r.....r.....r
i

A
X
Wl ol

-
i |
i
M
L]
=

i

¥
X & Xk ko ke
¥ e )
N
LN )

i

x

A
»
|
A
M
i |
XX
)

]
m_A
i i
¥

X ¥

o

&
»
L}
L]
W
F
H
M
Y
||
F

5
L
L ]
L)
o
L ]

NN
¥
¥
>
PN M

-
i

P o oy il
N
m M b h b &

o
LM M)

¥
¥

X & i X
¥
»

El N B N )

)

ot T ey
¥

ERUN BN )

E)
FRN

RN

[y
)
-:4
»
»
'I ,
»
"4-'4-:4'!*

-
e
y
ke
)
L)
Ty
Ealy
»
X
)

Ly
Ly
i
]

-
Pl

-
L
| ]
)
F
L}
L
L}
X
L
L}
L]
X
L}
X
L
X
L}
)
r
X
L
X
L}
L
)
X
L}
)
L}
X
)
X

o x

o o dr F o &
s
e e e l...”.qH.qH.qH..qH#H...HkH._,.thhnkukuii_-&...uknk”#”&#& i i i
L
i

-
ok e
LS
L3S

]
*
¥
X
¥
X
¥
¥
F3
¥
x
X
¥
¥
X
¥
¥
X
¥
¥
X
¥
¥
X
¥
¥
¥
X
¥
¥
X
¥

-

L )
I':':-Il
L

IS
i

*
)
Iy
F
)
Fy
EN N

P

N

F

el g i

[
5

ERN )

-
Ll
E)
Ea)
e
»
Fut
L)
)

.
™
PN N

-
Jr::r
o
¥
q-JrJrJrq-JrJr:JrJrJrJrJrl-ll

¥
PR N
EN N

¥
LN )

I
PN
I
&
y
ol

&+
=

L)

L
»

-
L |
L]
e i,
ik
L L
¥
x ¥
X
¥
X
X
»
&
»

-
»
& -I*f.-i &

»

»
X
e

RN N NN )

»

[

AAEE R AR X
X
x
X

»
»
»
)
»
)
L)

&
PN MRy
i M NN LN W i e e e e

i
N N e l a aa a ar a a
ity i o L

LAy A A M
P MMM R M MM MM MM NN p el ) X

iy ap iy dp e ey e iy il il
i dr i ...H......_-_-i.f..r.a......&..r.......q.._...-.-n

»

[}
*
T
i
-

L 3
L ]

F3

R N i

x
F )
F)
)

&
+
L
L
»

)
FY

i
ir

o
i i

F

x
Eal s
e e N M ML N e e
x
)
M

X X
x
X
»
P
x
)

X
¥ty
X B RN E RN R LR
k)
x
*xty
Ah
»
Wt N
)
X X X
L E N )
N
X X BN
ol

»
T Ny

*

*
Ll
L
Ll
LN
&
o

L )

ettt Ty

¥
»
L
Lt

-
Lt
x

E)
x

*

L ]

L ]
F)

L ]

L)
i
Ll
L)

[
ir
[
i

»
]
»
ety
»
»
»
]

Ll
Eals
i i

o

L)
L)
o

L
]
[

&
»
»
»

L
o
»

»

5
»

)
-
*x

FY

¥
F)
F)

FY

»

»
M)
X XX
M)

)
»

)

»
Wt
» »

dr dp dr e e e d e
i i .q”.__.“... .4”..”
P B AL AL MM
A
i e e
bl sl
P MR
A A

R R R N N NN SN

»
R RN N )

ERC )
)
ERUN )
x
Ea )
EA)
)

F)

W
.._..,_....u.....h._..,_.._._.___:..-_#.__..-n
N B

L e
i i

o
o

F)
"

»
»
»

_-..
o .

il wai'e
» .-_...__”._ e

et Tl

.

o

o
i

Cx x

X

5
»

L)

R N N M)
»

N
e )

R N )
LN )

EREE M
E)

v

I MMM
L
)

E)

RN NN NN N NN )
»
¥ty

i

Ll )
L)
Cal )
L)

»

»
»
»
L)
»
Ll

L
L

» 4
:I:-l‘*-lii )

»
»
»

Ear sl sl

QAN
sl k)

Ll
W i i i i iy ...IHHJH#H...H&H;H...HJH#”...H H
I A

»
'y
)
L
)
L)
e
Ll
)
)
FY
o
X
FY
X
x
X N X Jr:dr
X
»

AAE

s s e e N

X
L)
X
»

NN RN NN N N NN )

e

R N N N

)
»
»

)
»

)

N RN NN N NN N NN
L)

N N

»
x

ER MR
»

E)

x

E )
M)

XY

EE)

»

R N N NN NN )
EY

N N N N S N NN NN N N NN NN S N N

5
»
»

Lt
Pl

L
NN R )

L R NE N R M
L

X X

»

Wt

T T e

PR NN

MM S N

R N RN N RN N NN )
»

RN M)

At Ny
)
FY
»
»

510

X
5
x
»
PN M
L
4{_:*4-*4444
x
»

»
»
»
B
»
»
»
L
»
B
»
»
»
»
»
B
L
»
»
»
»
B
L
»
»
»
»
B
»

ol _-_-_“.-_H.4H.__.”.4H.4”.__.”.4H.-_H_-_”.a....___.q....q.a“.q.“....ﬂ.a“.q.ql#_ _-_._.._ _._.q_ _._.4_ _-_...!”l”iH!”
O e At an et Pyt
oy

X & & *
i.qi.qi.qiktﬂl”-_ * .4._....4....4.4.__..._..___.__..___..........4...4.4......{...4.4...44...4.4......4...“... *

™
. .-_.r.....-_ .r.__.-_ .._.r.l.-..._._.i.r.._.__.-..-..-.
Bk k& oa A4k oa A
L e B R st )
Ll b e
1) PN N O e sy
.r.-..._ ........ .-..-..-...i&.._.....i ._..__.-_.-..r.__.._.__.._.r.-..-_
o T N P N )

)
. . ) N N WO )
LR .4-_-."!-._-“-".._.-._.-..........._.._.. & ....-".w.r.......r.r.r.r....___.-_.__.-

- k L ]
.n-.-l.._.._ -h“”....”.-..“.-..”.rl.r“.r ”.r.-.?n....“.f“.-_l . PRy i}.l.l.l.l.l.l..-_l. 4}.}.4}.##}.##}.##}.##}.##}.#
. - .
ey .-_.....r...r..t.__.r.r- ] " T T A T e e L
- .ri.i.:....l.-.-_.rl”._..l"..__l.t.- , ] i B & & & & & o dr LRI N NE R N N N N
L H B AL SE N I Y : P ML AN A e ke A e
T [ ] y Srd dr b b e A Lk ALk w
e S, .
-

Ll a3k 3 C 0k 3k M aE
g e R

.._.
....._......._..._......._......._. .
P o o e i R Nl .._m”.....-.F y

e I A N e N M .-..-._.H.-. 4
................._..r..........r.......qt.......q.rH......... Pt N N M IR

a
ML e MR N RN N .._.____“-""-.

.-_.-_" n"a“a“n"n"ivx...
(R xE R E R
e 2

e ey
"-...._._....r.r.___ L e e i

L A o e e e e e
LR PO N
g el

P R B e
i

2 e e N R R kR ok dr ki
LN T AL MR A AL N
e Nl e W

i Ak & b B R R U 0
LY, .__.._.rI_r.r.r.-..l.__.__.r._......r.-..-. .-......-.._..l.._...-_
LR N ey

ir
4u..qH..u.qu._.H.qu4u.qH..u.qu.qH.quﬁ:uﬁﬁ;uﬁﬁ:nﬁ-.uﬁﬁa
e e S S

r
[ ]

R e & b s M e e W R N N U N e e b e
..1.._..-_.._..-_.....-..._..-_.._..._.._...1.._...1.._..._.._...1.._..._.-..._.-_.._ .-_.rl....l....r....r....r........_.....-....... & i X N
e o el e o
e e
o e sl

Ca R N MR e L a3
.q.r.._..-.”.__ LM tat .r.r.rH....-._. L e o T P P
L e ) W
R e RO N e a  aa a aa aa aa
r F o b
e T T T e e a T T M Mt e’
Xk WLk kN L) L S s ol al al x "
A e b e e i B e e e ...i_...l...l..__l-hin LN e e e e e e e e P A
' N A R R e S ) e A U A i e e i e i e e R T ]
o ik 2 ¥ Ll ) L N L) x r
- ! - » Ll a0 e sl a3 CMAL) ]
."tt.m- e P . L) Ll e s Al s sl PN " x
._1 Ll R RO N e i) 1 Cal ) L s S s sl . .3
g L) WA ) ; Ll ) LA xR
AN A W iR i X B E R Ll A i e e i e W e R ki ¥ b wy X, !
S AN, NN RN NN W e e Ll PO S S S S et X X Py
a L) L R : Ll sl a3 L a3 oy x n
PN el Ml el Ll L o L ksl N S e S ) PN of 5 i ]
ST e o A Ll L o) ) EaC AU i e e e e e e i i o X e |
x - o » o L N ) L X A
- g NN 4 XXX ! Wi i e W e Wk e R R R P ) x R
» .I._.l...l-_.l-_l-..u-_-..q.q_-_..... xR xX X X E . Lk kY Eal X X R XX A
» 'y L e W il e e e r a3 . el el ) LN W) ® R R R R R A
Pl N N M O el v " XK ! Ll e sl ksl W) i i e i XX R R XN
i) ..._._.l._.ll" i SN H::ﬁlﬂﬁ Wl ar a i R E R KRR A
L ) ) M v e R . R S 3 a3 O OO Ca; X X XX
" ¥ ) LR e e N K X N W e e e Lol el el el el el e el ) Pl ) R R R RN
e X x i) ) H:H?li X x A e aE S a3y L XX EXREXRXREN
P A N Al w w Cal st el sl sl sl sl ol 2y Pl sl sl a3 o i R KR KRR R A
RN i N LN N ) e DA A N M A L N el s st S i e e
) x e sl ) " ® xR XX
; L s R X ERR R R
L EE aC el s ksl x AEXRXEN
ur i i O e e i e i KK R R RN
: L S R xR XX
PN N RN | AN ) A AL MM AL A N x e ”
PR L ) ) ; N e ) R R A
L A AN Ak oA Ll sl sl sl ol sl XX XA
PR R ) L) L) sl ) "R R N
DN NN ..-.-.ﬁ Ll sl ksl ke X R R X A
e i e e e R e CaC sl s sl R R R
ERE N W - L) Ll xR X X .
CCA N N M S s sl ) R
EaC .._u"-_ G
E R N X X sl sl 3
o xR L ke aa)
e e Y (X X i e e e
U N« aw )
i uE u.i ..;1. . R RO s s )
ERCICA N ) L) X KK L ko
& H.-_ "n"H“u"ln " aa"a"a" i
(W EE R XX
[+ E RN R
"oty l"nlnl e o P P P e
o AL AE M N AL M L AL M M LN st
Xy " U ol ala al  al ol sl ol 3 EXXXEXRER
X * el A U oL S e n B X R RR
x N e S e Sl aa al al al sl EEXREREREXRER XX
X AR L) ur O i i i i L S S i i e i R R R R X R R R R
x 2] i L) e Sl sk sl ) XX XTREXXXXERREXEXERXNR
G Ll Ll L U 0l el sl EERRERERRERREERNERHN
x e Ll o W ) XX KRR
o, EaC ) s S S s R R R R R R R R
N X L e e e e M Al el ) EREXTRETERREREXTXXEX
. r Cal s sl sl sl sl sy EERREERR KRR RER
e S el W ) RXEXREXERERERXXT ™ XX
Ll S S e ) R R R XA KA A KR A KRN
Lk sl a3 C A e e e e e e
L st S R R R R KRR
Ll k) RXEXREXTRXEXRXTR XXX
e R R R R R R R R R
Ll sl sl ) XREERRERERRRERRRERRER™
L S S S S EREREERREERRERERRRTSR."
) 2R X R TR R TR X
R N ERERERERERERERRERERRN LR
g g g T EEERERERERER "R E
CC AL sl R R R R R R s R
L EREEERERRERERRELRERERER
drdr dr i i i de i i dr e i i REERREERRERERRERERRRER
i al a al ay FEEIEERERERERERER
dr i i e e e e e e e e i i EREREERRERRERR
L e aa ERXREREEERERERE x
e KRR KRR
kN REXEEREREREERER "
W i i e ik e ERERERRERRERER
N R EEFEEEFEEFEEEFEEFEEFEFEEEEREEREREX
L) ! ; ; e i i e e e e e e e i EREREERREERRERERRERERRERERRRER]K
i W : . Ea N AEEEREREEEREREEERERERH
X e e ; . dr i e e i e e i e iy i i iy R E R ERERREERERKERRRERREH
Ea W W W : Wi i i e e i e e i i i EEEEEEEEEEREEEREERERXN
ALK A T ._.."t.-..-_ MMty p A K R RN
- e ke ki e ke ke L
Ll k) |2 RN N N LN G
L) r X ; ERERERERR
LU NN M W [y x X
U A A N NN N Ol > ¥ I A N A M M N A A m
LR N o N N W i i
I I I ey e e TR
.-...-.!.-..-.!II.-.J..r.-..-. ir dr e e g e e e de de e dr o de g e e A de e de O llll.
MO LI I A e Mo Al 2L X ; e e e a  a a  aeae llluir..
.I.._.__.._......_.._.._.r.._.._.r.....r.._.._.r.._.._.._.r....r....r.r.....r.#lj..-..-.l.-.....j. : . i e e o o o "
b b b A b A b A It d i i i R » »
B o b & d o drd b deoa b ko deodp Bl g i ol m )
.r....r.; .r....r....._ .r............r.r.r.r.r.r.r.__ R .r.._ .....;......;..-...;..r...i-_l}. [ :.ll.ll.l I.I
Jrodrdp @k ad b deode deodr dr dr o dr A B i A X
- 0k = & Jrodr b m & & & Jdr Jr dp O Y ; " y i A A Jp
S N I S T S S S S e ......_..r....__........
-
P i)
n ateta
&
x |Hi”|._..
Tt & el .r.r.r.r.._.r.._......r......_.r.._.._..._.r.._.r.__.r.r.r.._.r.r.r.r.r.r.r.r.r.r.r.__.r.._.r.r....r.r.._.__ o
A oy P i L i i
5
&

e
¥
X

ki
¥

A NN
:-Jr
i

T o v
P e A B A A el el Al
A T LAl At Al Al i At Al Al Al al s al Ty e
oo T T T e T o T T T P T T P e e el el ot
o w  ara r e o e e e e e Tt e e e
. e &t...l...n&._.._.r.....&t.._ A N LA e T
el Pl el T Y Y . P plalal; B
Ml a Ty Vel el alal ' Pl
e e ey LN wlaly

i-i-i-i--.._.-.-..!.... o .

lllhlhlllh.r.r.-."".T.T.T.T.T.T.J..T.Tl. HE R AN
4 Jp A b b b b dr o dr i i

B I R N o o o ol

e

. L]
et

]

N T T
-

T T Mt L T T T T T T T T T T TI T I T T TSI

J28




US 12,318,513 B2

Sheet 11 of 12

Jun. 3, 20235

U.S. Patent

700

.........-_.._..._....I-.II_I.-.--1|-|-.__.._.-.r1[-.}..._
e T T

= roeom o r. I.-.I.II..-_.-..-_.-. }..-..-.}..-.}.}.}.}.}.}.}.llll
" ﬂ_..l..l..._.t T i araa
& & ok dr dy o & dp dp dp dp dp dr e de e dp e e by dr e e O e e e
l.l.....l.l.l.l.##1#####}.##########?#?#.{II
I dr

i iy iy e iy ey e e e e e i e e e e ke

- e
- 4 L m mg Ll e e PRy e W
) T AT e e s )
L J . ooy B l.l*t-.lll1.1ll dr dr & b W b b b b Jp b o i ] [ ] | |
. My Ty LT R e Al Lol e ..
3opa g F - L R ) Al el A N A » )
A 2NN - R N M RN M R M AN TN o) 3
[ ] -4 b.-..-. .'.'H ""-l.l.-..'-.*.'.'.r.rrbl.ll*l"‘.‘."
- W dp e B o e o ko [ Sl A U el Y P E RN Y ) -
] O Rt e L e e I N R A )
LSl W e At AT TR T T AE T R I M N e
L L U K A s el e )
et sl s W
i L N
ik d i
E e
N Ny
dr dr i ar d i e

......H.._.H H H HkH...H#HkH...H...H..__-.

e
ANy .

Rt AN N N L

¥
F3
Fy

o b b o oA
e
b b b k b A @
or b & & & N

LR ]
Pr r & & b & & &

okl ol W
Lt el al

»
PARR R b
-

LR )
o X
I -
.-.._..- Nl o EFE & &
raor - .
X - ra k kor h F a x
ata 11.__1|....._......._......-......-_.-_ l-.I
r & & - rr whoa dodrodra o i i
b a I r o or ko d s &k [ )
rh ko g rrj a noa b dou X ik
F ar r omohom o kow b bk ow &
rd koa . = i r o j 2 a x ki kiR
N S t r e orrrou aadorirk d or ik
rd b 2k T T T T T T T T ¥ P 1 1 r r Faoar khohou ki
& b L kY rrrrrrrrrrrrrrrcr-r [ AN N N N N ey o
] I N R N R N R R Y r
PN m r " FFFrFFPFFPFPFFPEFPFrPFPFPF o ®mM. »
.|.__.r...l.....r. N N N N N - ey AL
b rrrrrrrrrrrrrrrcrTr rarararr .
L LI T T N R I D I e T R R B R | - r 1 1 r n dh = & & E
¥ ............ > mrrrrrrrrrrrrrrcrr r -.-..__. roaa .1._1....-..........—.....-..1.-..-.—.._.-! Il_ ........
L] i B N N N N N - Ul E kb om on & & K J i dp b |3 o
. X mrrrrrrrrrrrrrrrreg == om a B F wdr g = u omok oy ir ks BB R [y [ ] I
& ¥ [ R N R ' roaor - r o Y P A N O U e e ) [} i i
i rrrrrrrrrrr a1 "o " b & ror X R LK g i dr e i & & [ ] * X
PO R T T T T T S T . - - m ra = m - o b bk s oumw bk o o
i I i rrrrrFrrrrrr 4 Ak . r n b N 'y dr dr ik
i PR T T T T T T T T T ' X ¥ i &
iy rrrrrFrrFrrrrrF 'l [y I i Y
’ P ¥ &
1 ! rrrrcrr & .3 [ ] P
'} P T T T d i .-..........-_
rrrroror r -
I T T T .-__. o+ » i
? rrrrrr . i . .....-.......-_
R
X - N

¥
ok
¥

Tl
[ ]

““. x i
. &
111.“.. l“l_
r
ror g [}
e ._.
e e
¥, AL T » X i
- d=srr CIERERE RN e g A
. L . srrr o r 1 P
" Woron oo .l-.l.-".-.‘_-_ I.-...........-..
* T T
) N Plagty
L "
x . e
‘P iy
E S )
rth.-‘..an w .
AR "
. ke
. o
P

.l
ar

bi‘- ¥

-
" .__i.__ [ x ...-l.ql.__l-i..r.;........il.ll.............-
wh oa i n dpoa J o drode s & & I-.
.-..__.._n b n......._-....._..........r.._.__ ......-...........'.-_“ *
r A = I O T U R U
r o & - ]
r & &
LI
.-.-__..._ e
L TN
l_-l.._ e -_'.r X
- L

- r O

.

-1I.ll.._ ...'.__ AR e rrom
el ol = rrrororor 1|bl

H._'.__._- iy P T

r oA b ax a m r b & i
L] ¥ i i .....l.-..r.r.-.r.il.ll_ln.
For P e P oo . -
.-I.-..-..-...T......_ 3
.-_‘..... i -.._.__.__.._.__..rt.r.r.._.....__..-...__.__.__

& o de de de BBk
L L e
R

= 1
L[]
e
[
Kk
L)
L
8

..
o'y

.
LT il
[l ™y iy I,
rh - o
iy -
L L LN
- .
1.-..._.__.-”..- L
r & s T om
X am
1*.-‘ r
AN S A
[ r !

-- --l
. . *
atpdpt g it
PR e
L]

ik oa & i
s 1.-......-_ L
- - &
ra . S S
" "
i . v aoa :
F e L )
o . . ..........._-1-H....”....
-ata .. L e e e
N N B A I PR R T L AL o ot A B

W T

N -
. . L . N N L B M N LN Yy a
- ' ......_.._.1.1..._.._..r.-.r.-.lt.-.-t-.t.....__.__._.__._..___.__.I.-.l.-_.._.-.r - R i
. P T e a TR i o dp e e el 0 FUy Ty i e
l..' r ¥ 2 = a g 8 1 F F F & o dpr ir
Ty et At T T e . S
rid & ek P R " r o . -_ .
A"".-..-.-. rrrrrrrrrrrFrEFPEFPEFERDR .
: i dp i FrE UL L
[ X kW rrrrrrrrrrrrrrErrrR
w o b b e i AR L e e,
F et sl A ; raorrrrrrrrrrrrrrer
r F B ! R A R R R R T R
S rrrrrrrrrrrrrrrrr ¥
rl R a N N N N N N
Nl ) ir rr F FEFEEFFEEFEFREFPFFPFPEPFPFPFPEAR
qr - N N N N N
. .._n“-..-.l. N
ra
an X s e
N
_-hq......._.l%
1lﬂt_ L]
dr ¥ o
 p B & N
BN S ;
- A
.r.' g o
iy

)
* a
. L)
-1.-..-_.-|-..|.-_.-..-_...||-..|
s X B dr " n s om Mgk oaoa
" g dr s omomom LW
2 2 w o a s oaam ks onoa
N s mon
"2 s @ h m mam ek ouoaon
A anow CW

-
¥ i
L)
» F

»

&

»

- i -
) . .
.. .. . N
| ..-_.-. L L " .._..-..-_u_
] n.-_.-. -..............1..1.....-...___.___1-.-......-.
" LI A FFg rr ora s &
N - Fod i de o o i &
- ) b A ko -
L HH .-_.-. b - - o oa |
- . o
AA
.“HHI .
o
L] T T
_-_Hlﬂl ....._..-.n .-.Ei.-.l.-..-..-.l.....ri rn.._.. . + . .4. o
T "t “.-_.J.r...........q.......__..rt....... ataTe T .’
..Inl e gk BB e e B oqoa kO .
L |
.?I
.Hill - i .r.-...__ 1, X T .-..-..
IHII iy .....l.-..h .....rl..; .-..; .-_....-.i.-.
] ll T T T e N i
HI L .._.._.__.-_.__.-..._....__....._......_..-.-_ 4k
!ll o e I Pl
....1.__......-. B Y
Fhomoa o= omom o
4 o owodeode dedn FOFOF
Fororom o1 om

re

P e e
=
...J1.J..J.
et

.......
raa” '
._...____-._..”.__.....__”.__..___.___
PR )

R AT Mot AL R . oaom ok
- P
T L R o I T T T L T T
- - & ko S
o ............-.E.....-..-..w.-.l .....-..-..-.l.-.....-........r....r.._.r.__.rn.._..__.__....__..__.....__......_.__..__ Pt .r.-..-_:.

B
L]
»

L AR a0
!-_..n”.r“n * .H.._H.._ ”.__.H.._Ht-.._..-..._....._“n
L) - P
.-.I!..l.- .._.._. ....... ....._. RSP

L]
L]
u
*
r
¥
i
¥

o4 A & 4 Jp M
P
o a

oy X i

uttt-&k......"_..tutuuut-u...r._-..ﬂ. g ’ e
o e - "I-_ *
st O el
I“__.-..__t PR Ity
R i e S e e
T o o e T T
e Ry e

e M

I__'__.}.__.}.__.i.__.}.__.}.__'__.[__'__.[__.[
r s =2 = omoEEEoEoET

.
B B,

o

-

722
725

iG. /B8



U.S. Patent Jun. 3, 2025 Sheet 12 of 12 US 12,318,513 B2

---------------------------------------
-

00 Ex 801 ;

.......................................................................................................................

ﬁ Manitor for User input
5 802 1

NGO “Input Received? .
fogffnmrrmmn |
SR '+ Y B

Begin Sanitizing
Operation
810

M-‘f}ﬁit{}{ ff}'f Tefﬁgiﬂati{_}ﬂ
' wmwmmw Condition ‘

812

%

Continue Sanitizing | NO e
Opearation <& Termination Condition

i
1
1
i
1 -
1 e .
: 1 e .A]' .
' . i . oY <
' : : 1 *u » -
' i - P
Ly 1 ""_-\. ar
Ll 1 -."'l. . ".'F
PP 1 e : : -~
e Y o
1-_.\‘_ . A .-.___.r"

-----------------------------------------------------------------

Perform Termination | o ——

Operations M- ;
316 N 8w

................................................................



US 12,318,513 B2

1

DISINFECTION DEVICES AND METHODS
USING THE SAMEL

TECHNICAL FIELD

The present disclosure 1s generally directed to disinfection
devices that can provide rapid access to an article being
disinfected with a sanitizing gas. Disinfection methods using
such devices are also described.

BACKGROUND INFORMATION

Over time the surfaces of various articles (e.g., consumer
devices, medical devices, etc.) can become fouled with
contaminants such as bacteria, viruses, and the like. Without
proper sanitization (1.e. disinfection at an acceptable log
performance) such articles can contribute to the spread of
harmiul bacteria and/or viruses, and may present a health
risk to end users.

Various systems and methods have been developed to
disinfect articles such as medical devices. While such sys-
tems are useful they are not without limitations. For
example, some sanitizing systems use ultraviolet (UV) light
to sanitize articles such as smart phones. If part of the article
being sanitized 1s obscured from the UV light, however, that
portion of the article will not be adequately sanitized. While
optics such as minors can address that 1ssue to some degree,
they increase the complexity and cost of manufacturing a
UV sanmitizing system, and may still not ensure that the entire
surface of an article being sanitized 1s exposed to UV light.

Systems that disinfect articles (e.g., medical devices) 1n a
sanitization chamber with a sanitizing gas have also been
developed. Because the samitizing gas can flow around
and/or through an article, such systems can eflectively
sanitize articles that have a complex shape and/or which
have surfaces that are diflicult to clean manually (e.g.,
tubing). To prevent a user from being exposed to the
sanitizing gas, such systems may prevent access to the
sanitization chamber during a disinfection operation (1.e.,
while article 1s being sanitized) and during a relatively long
waiting period following the performance of a disinfection
operation. Although imposed for safety reasons, users may
find such features undesirable when they wish to access an
article 1 the sanmitization chamber during a disinfection
operation or during the waiting period. This 1s particularly

true when the article being sanitized 1s a smart phone or
other device to which a user may wish to have immediate
access.

Accordingly, there 1s a need in the art for improved
disinfection devices, e.g., that can allow rapid access to an
article that 1s being disinfected with a sanitizing gas.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of embodiments of the claimed
subject matter will become apparent as the following
Detailed Description proceeds, and upon reference to the
Drawings, wherein like numerals depict like parts, and 1n

which:

FIG. 1 1s a block diagram of one example of a disinfection
device with a fan downstream of a filter, consistent with the
present disclosure.

FIG. 2 1s a block diagram of another example of a
disinfection device with a fan upstream of a filter, consistent
with the present disclosure.
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FIG. 3 1s a block diagram of another example of a
disinfection device with a fan downstream of a filter, con-

sistent with the present disclosure.

FIG. 4 diagram of another example of a disinfection
device consistent with a fan upstream of a filter, with the
present disclosure.

FIG. 5 1s a graph that plots static pressure (in inches of
H,O water or millimeters (MM) of H,O) versus air flow (in
cubic meters per minute (CMM) or cubic feet per minute
(CEM)).

FIG. 6A 1s a front view of one example of a disinfection
device consistent with the present disclosure, with a closed
lid.

FIG. 6B 1s a rear perspective view of the disinfection
device of FIG. 6A, with a closed lid.

FIG. 6C 1s a front view of the disinfection device of FIG.
6A, with an open lid.

FIG. 6D 1s a top down view of the disinfection device of
FIG. 6 A, with the lid removed for clarity.

FIG. 6E 1s a side perspective view of the disinfection
device of FIG. 6A, with an open Iid.

FIG. 6F 1s a rear view of the disinfection device of FIG.
6F, with certain elements transparent to allow viewing of
internal components of the device.

FIG. 7A 1s a rear perspective view of another example of
a disinfection device consistent with the present disclosure,
with a closed lid and certain elements transparent to allow
viewing of internal components of the device.

FIG. 7B 1s a front perspective view of the disinfection
device FIG. 7B, with the lid open and certain elements
transparent to allow viewing of internal components of the
device.

FIG. 8 1s a tlow diagram of example operations of one
example of a method of disinfecting articles consistent with
the present disclosure.

DETAILED DESCRIPTION

As used herein the term “about,” when used 1n connection
with a value or a range, means plus or minus 5% of the
indicated value or the endpoints of the range. Thus, for
example, about 5% means 4.75% to 5.25%. Similarly, about
5 to about 10% means 4.75 to 10.5.

From time to time the present application describes fea-
tures using numerical ranges. Such ranges should be under-
stood to include the recited endpoints, and to encompass any
intermediate ranges within the stated range. Thus, for
example, the range “1 to 10”7 should be understood to
include the endpoints 1 and 10, as well intermediate ranges
thereimn (e.g., from 1 t0 9,2 t0 10,210 9,3 t0 9,4 t0 9, etc.)
as 1f those intermediate ranges were expressly recited.

The present disclosure 1s generally directed to disinfection
devices and methods of using the same. In embodiments the
disinfection devices include a base and a lid that 1s movable
between an open and a closed position. The devices further
include a sanitizing gas supply, a sanitization chamber
including or fluidly coupled to an exhaust port, and a fan.
The devices may further include an exhaust channel down-
stream of the exhaust port, a filter, and a discharge outlet.
The sanmitizing gas supply (e.g. an ozone generator) 1s
configured to generate a sanitizing gas (e.g., ozone). The fan
1s configured to operate 1 a first flow condition during a
disinfection operation, and 1n a second tlow condition during
a termination operation. In embodiments the first tlow
condition 1s a low flow, high static pressure condition, and
the second flow condition 1s a high flow, low static pressure
condition. The fan 1s configured such that 1n the first tlow
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condition gas flows through the fan at a first (relatively low)
flow rate, and 1n the second tlow condition gas flows through
the fan at a second (relatively high) flow rate. In embodi-
ments, the first and second flow rates can be achieved
without adjusting the voltage applied to the fan.

During a disinfection operation the lid i1s closed, the
sanitizing gas supply (e.g., an ozone operating system
including an ozone generator) provides a sanitizing gas (e.g.,
ozone), and the fan operates in the first flow condition.
Operation of the fan in the first flow condition causes the
sanitizing gas to be drawn from the sanitizing gas supply
into the sanitization chamber, where 1t can disinfect one or
more articles therein. A controller may cause the fan to
continuously or intermittently operate in the first flow con-
dition, causing the sanitizing gas to continuously or inter-
mittently flow into the sanitization chamber. At least a
portion of the sanitizing gas may be removed from the
sanitization chamber via the exhaust port to form an unfil-
tered exhaust stream downstream of the exhaust port. The
unfiltered exhaust stream may be directed through the filter,
either directly or via an optional exhaust channel. The filter
may be configured to remove all or a portion of the sani-
tizing gas, €.g., by converting the samitizing gas (e.g., ozone)
into a breathable gas (e.g., oxygen). The resulting filtered
exhaust stream may then be directed out of the device, e.g.,
via a discharge outlet.

In embodiments during a disinfection operation only a
single (1.e., first) flow path 1s present through the disinfection
device. The first flow path may extend from an inlet to the
sanitizing gas supply, through the sanitizing gas supply,
through the sanitization chamber, through the exhaust port,
through the exhaust channel (1f present), through a filter (if
present), through the fan, and through the distribution outlet.
While the first flow path 1s preferably configured in that
manner, the first flow path may be configured 1n another
manner. For example, the first flow path may include dii-
terent/other elements, and the elements therein may be
arranged 1n any suitable manner with a corresponding
change 1n gas tlow.

The first flow path includes a restricted portion. In
embodiments the restricted portion of the first flow path
extends at least partially through the sanitizing gas supply.
The restricted portion of the first tlow path (or, more
particularly, the size of the passages through which gas flows
in the restricted portion) may be sized such that it is
relatively small compared to the size of the fan intake. For
example, a passageway through inlet to the sanitizing gas
supply (or another portion of the sanitizing gas supply) may
have a first cross sectional area that 1s smaller than a second
cross sectional area of the fan intake. Due to the flow
restriction, the fan will operate in the first flow condition
(1.e., a high pressure, low flow condition) when the lid 1s
closed and gas may flow through the disinfection device at
a first (relatively low) flow rate.

Operation of the fan in the first flow condition may cause
a pressure differential to develop between the fan and the
inlet to the sanitization gas supply. That pressure diflerential
may cause gas (including sanitization gas) to flow from the
sanitization gas supply into the sanitization chamber, either
directly or via a distribution line and/or a diffuser within the
sanitization chamber. The pressure differential in the first
flow condition may also be suflicient to prevent sanitizing
gas Irom leaking out of the inlet to the sanitizing gas supply.
Thus, unlike some systems, the disinfection devices
described herein do not require the use of a sanitizing gas
supply that includes a fan for directing sanitizing gas nto a
sanitization chamber. Put differently, the disinfection
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devices described herein may be configured to operate with
only a single fan downstream of the exhaust port. Moreover,
while operation of the fan in the first flow condition may
cause some sanitizing gas to be removed from the sanitiza-
tion chamber during a disinfection operation, acceptable
disinfection not an article within the sanitization chamber
can still be achieved.

In embodiments the pressure differential 1n the first flow
1S a vacuum pressure ranging from greater than O to about
0.25 pounds per square inch (PSI), such as from greater than
0.005 to about 0.1 PSI, from greater than 0.01 to about 0.1
PSI, from greater than 0.01 to about 0.05 PSI, or even from
greater than 0.01 to about 0.03 PSI. In embodiments, the
vacuum pressure in the first flow condition ranges from
about 0.018 to about 0.033 PSI.

During a termination operation the lid 1s moved to the
open position, supply of the sanitizing gas (e.g., ozone) 1s
stopped, and the fan 1s operated 1n the second flow condition.
In the second flow condition the fan may be operated at a
second voltage that 1s the same or higher than a first voltage
applied to the fan during the first flow condition (1.e., during
a disinfection operation). When the lid 1s 1n the open position
a chamber opening providing access to the sanitization
chamber 1s exposed to the atmosphere (e.g., air) and a
second flow path through the device 1s provided. The second
flow path may extend from the chamber opening, through at
least part of the sanitization chamber, through the exhaust
port, through the discharge channel (if present), through the
filter (11 present), through the fan, and through the discharge
outlet. While that 1s a preferred configuration of the second
flow path, 1t 1s not required and the elements noted above
may be rearranged and/or removed with a corresponding
change in flow path. Additional elements may also form part
of the second flow path.

The size of the second tlow path (or, more particularly, the
cross sectional area of the passages through which gas tlows
in the second flow path) 1s relatively large compared to the
s1ze (1.e., cross sectional area) of the passageway(s) 1n the
restricted portion of the first flow path. As a result, the
second tlow path 1s less restricted than the first flow path and
enables the fan to operate 1n the second tlow condition (i.e.,
a high flow, low pressure condition) during a termination
operation.

As noted above, during a termination operation the fan
operates 1n the second tlow condition and gas flows from the
sanitization chamber to the distribution outlet at a second
(relatively high) flow rate. Because the 1id 1s open during a
termination operation, a copious amount of air 1s drawn 1nto
the chamber opening of the sanitization chamber and
through the exhaust port. The incoming air flow entrains and
dilutes sanitizing gas 1n the sanitization chamber, and causes
the sanitizing gas to tflow into the exhaust port, e.g., at the
second flow rate. Because the second flow rate 1s relatively
high, the samitizing gas may be rapidly evacuated from the
sanitization chamber.

For example the disinfection devices described herein
may be configured such that during a termination operation,
all or substantially all the samitizing gas within the saniti-
zation chamber may be removed from the sanitization
chamber through the exhaust port within an exhaust period.
In embodiments the exhaust period 1s less than or equal to
about 20 seconds, less than or equal to about 10 seconds,
such as less than or equal to about 5 seconds, less than or
equal to about 3 seconds, less than or equal to about 1
second, less than or equal to about 0.5 seconds, or even less
than or equal to about 0.1 seconds. In embodiments, the
systems described herein are configured such that the
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exhaust period in the second flow condition exhausts all or
substantially all of the sanitizing gas from the sanitization
chamber 1n less than or equal to about 2 seconds, such as less
than or equal to about 1 second, or even less than about 0.5
seconds.

As used herein, the term “substantially all of the sanitizing
gas’” when used 1n reference to the exhaust period means that
the amount of sanitizing gas remaining 1n the sanitization
chamber following the exhaust period (1.e., the residual
amount of sanitizing gas) 1s less than a threshold amount. In
embodiments, the residual amount of sanitizing 1s less than
or equal to about 0.5 parts per million (ppm), such as less
than or equal to about 0.05 ppm. In non-limiting embodi-
ments, the residual amount of sanitizing gas remaining in the
sanitization chamber following the exhaust period 1s 0. As
may therefore be appreciated, a user can rapidly gain access
to an article 1n the sanitization chamber simply by opening
the lid of the disinfection device, with little or no risk of
exposure to the sanitizing gas.

FIG. 1 1s a block diagram of one example of a disinfection
device consistent with the present disclosure. Disinfection
device 100 1ncludes a base 102 and a Iid 104. The 11d 104 1s
configured to move between an open position and a closed
position. A samtizing gas supply 106 is located within the
base 102, and 1ncludes an inlet 108 and an outlet 110 fluidly
coupled to a sanitization chamber 112, either directly or via
a distribution line 111.

Sanitizing gas supply 106 may be any device or system
that 1s configured to supply a sanitizing gas for use in
sanitizing articles within sanitization chamber 112. In
embodiments sanitizing gas supply 106 1s or includes an
ozone generator that 1s configured to generate ozone gas,
¢.g., from air. In such embodiments, the ozone generator
may include inlet 108 and outlet 110, wherein the mlet 108
1s fluidly coupled to a source of air and the outlet 1s fluidly
coupled to sanitization chamber 112. In such embodiments
and as discussed further below, the ozone generator may
include one or more passageways that form at least part of
a restricted portion of a first fluid pathway through disin-
fection device 100. Notably, in some embodiments the
sanitizing gas supply 106 may lack a fan/pump that 1s
configured to provide the sanitizing gas to sanitization
chamber 112.

The sanitization chamber 112 1s configured to receive at
least one article 113 to be sanitized therein. Article 113 may
be any article that can fit within sanitization chamber 112
while lid 104 1s closed. Non limiting examples of articles
that may be used as article 113 include keys, wallets,
jewelry, eyeglasses, electronics (e.g., smart phones, tablets,
laptops, etc.) combinations thereof, and the like. In embodi-
ments the sanmitization chamber 112 includes a chamber
opening (not labeled) that 1s accessible when 1id 104 1s 1n the
open position and which 1s closed off by at least a portion of
l1d 104 when l1d 104 1s 1n the closed position. A gas tight seal
may be formed between the lid and a peripheral surface of
the sanitization chamber 112, e.g., a rim around the chamber
opening. As will be discussed further below, the disinfection
devices described herein may include an upper and lower
housing, and the sanitization chamber 112 may be 1n the
form of an insert that 1s configured to be at least partially
disposed within the lower housing, the upper housing, or
both the lower and upper housings.

The sanitization chamber 112 includes or i1s fluidly
coupled to an exhaust port 114. The exhaust port 114 may
have any suitable shape, and 1n embodiments imncludes or 1s
in the form of one or more openings that are formed through
a wall (e.g., a side, a bottom, a top, combinations thereof,
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ctc.) of the sanmitization chamber 112. In specific non-
limiting embodiments, the exhaust port 114 1s 1n the form of
one or a plurality (e.g., greater than or equal to 2, 3, 4, 5, 10,
or more) openings through a wall (e.g., a side, a bottom, or
a combination thereol) of the sanitization chamber 112.
Such openings may have any suitable shape. In embodi-
ments the exhaust port includes a plurality of geometric
(e.g., circular, triangular, quadnlateral, oval, elliptical, etc.)
openings, irregular shaped openings, or a combination
thereof. Regardless of their shape, the exhaust port 114 1s
configured to recerve gas from the sanitization chamber 112
and convey the gas as at least part of an unfiltered exhaust
stream to one or more downstream components.

Disinfection device 100 further includes a filter 118 that
1s positioned downstream of the exhaust port 114. The filter
118 may be configured to receive the unfiltered exhaust
stream 1n any suitable manner. For example, the filter 118
may be configured to fluidly couple to the exhaust port 114,
either directly or through optional exhaust channel 116. In
embodiments, optional exhaust channel 116 1s omitted, the
filter 118 includes a filter inlet and a filter outlet, and the
filter inlet 1s configured to couple directly to the exhaust port
114. Alternatively, optional exhaust channel 116 1s present
and 1s configured to provide at least a portion of a tlow path
between exhaust port 114 and filter 118. For example,
optional exhaust channel 116 may include a passage with a
proximal end and a distal end, wherein the proximal end 1s
configured to fluidly (or directly) couple to the exhaust port
114, and the distal end 1s configured to fluidly (or directly)
couple to the filter inlet of filter 118. In such embodiments
the inlet of the filter 118 may be configured to fluidly or
directly couple to the distal end of the exhaust channel 116.

Filter 118 may be configured in any suitable manner, and
may be mtegral with or removable from disinfection device
100. In embodiments filter 118 1s 1n the form of a filter
cartridge that 1s configured to be installed and removed from
disinfection device 100. The filter cartridge may include a
filter housing and a filter media 1n the filter housing. Con-
sistent with the foregoing discussion, the filter housing may
include a filter inlet and a filter outlet, and may be configured
such that the filter inlet fluidly (or directly) couples with the
exhaust port 114 and/or optional exhaust channel 116 when
it 1s 1nstalled within disinfection device 100.

While the figures and description focus on embodiments
in which a filter 118 1s received within base 102, such a
configuration 1s not required and the systems described
herein may be configured such that filter 118 1s 1n a different

location. For example, the systems described herein may be
configured such that filter 118 1s located 1n lid 104, within
one or more sidewalls of the sanitization chamber 112 and
or a housing of the system, combinations thereof, and the
like.

In any case filter 118 (or, more specifically, a filter media
therein) 1s configured to reduce the amount of sanitizing gas
within the unfiltered exhaust stream and to produce a filtered
exhaust stream. More specifically, filter 118 may be config-
ured to receive an unfiltered exhaust stream that contains a
first amount of sanitizing gas and produce a filtered exhaust
strecam that contains a second amount of sanitizing gas,
wherein the second amount of sanitizing gas 1s less than the
first amount of sanitizing gas. In embodiments the {first
amount of sanitizing gas (e.g., ozone) may be greater than or
equal to about 50 parts per million (ppm), €.g., greater than
or equal to about 100 ppm, about 150 ppm, about 200 ppm,
about 250 ppm, about 300 ppm, 350 ppm, about 400 ppm
and even greater than or equal to 450 ppm. In those or other
embodiments second amount of sanitizing gas may be less
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than 50 ppm, such as less than about 25 ppm, less than about
10 ppm, less than about 5 ppm, less than about 1 ppm, less
than about 0.5 ppm, or even less than about 0.05 ppm. In
specific non-limiting embodiments the second amount of
sanitizing gas may be 0. Put differently, the filter 118 may
reduce the amount of sanitizing gas in the unfiltered exhaust
stream by at least about 50%, e.g., at least about 60%, at
least about 70%, at least about 80%, at least about 90%, at
least about 95%, at least about 99%, at least about 99.9%, or

even 100%.

The filter 118 may reduce the amount of sanitizing gas in
the unfiltered exhaust stream 1n any suitable manner, such as
via absorption of the sanitizing gas, adsorption of the
sanitizing gas, conversion ol the sanitizing gas, or a com-
bination thereof. In embodiments filter 118 1s configured to
convert sanitizing gas in the unfiltered exhaust stream to a
breathable gas. For example when the samitizing gas 1s
ozone, filter 118 may include a conversion media that is
configured to convert at least a portion of the ozone in the
unfiltered exhaust stream to oxygen. Non-limiting examples
of materials that may be used as such filter media include
activated carbon, magnesium oxide, magnesium dioxide,
manganese dioxide, zeolite, combinations thereof or the
like, all of which can facilitate the conversion of ozone to
oxygen.

Filter 118 1s fluidly coupled to a fan 120 1n any suitable
manner. For example, the filter outlet of filter 118 may be
directly coupled to the intake of fan 120. Alternatively, the
filter outlet of filter 118 may be fluidly coupled to a proximal
end of a first discharge conduit (e.g., a hose, a tube, a pipe,
ctc.), wherein the distal end of the first discharge conduit 1s
fluidly coupled to the intake of fan 120.

Fan 120 (and the other fans described herein) may be any
device that 1s capable of moving a fluid, such as a gas.
Non-limiting examples of such devices include axial fans,
centrifugal fans, turbines, pumps, compressors, blowers,
combinations thereof, and the like. In embodiments, fan 120
1s one or more axial or centrifugal fans. In specific embodi-
ments, fan 120 1s a single centrifugal fan.

In general, the fans described herein are configured to
operate on a pressure/flow curve that i1s specific to the fan
design. Depending on the resistance to gas flow within the
disinfection device, the fans will generate a static pressure
that causes gas to flow through the disinfection device at a
defined flow rate. With that in mind, the disinfection devices
described herein are configured to transition between a {first
flow condition i which the resistance to gas flow 1s high,
and a second flow condition in which the resistance to gas
flow 1s low.

Disinfection device 100 further includes a discharge out-
let 122 that 1s configured to receive the filtered exhaust
stream produced by filter 118 1n any suitable manner. For
example and as shown m FIG. 1, discharge outlet 122 may
be fluidly coupled to fan 120. In operation, fan 120 may be
configured to cause the filtered exhaust stream produced by
filter 118 to flow through discharge outlet 122, e.g., by
drawing the filtered exhaust stream into the fan intake (not
shown), blowing it out the fan outlet (not shown) and
through the discharge outlet.

Discharge outlet 122 may be fluidly coupled to the filter
118 in any suitable manner. For example, the discharge
outlet may be fluidly coupled to the fan 120 and discharge
the filtered exhaust stream, e.g., mto the environment sur-
rounding disinfection device 100. In the embodiment of
FIG. 1 the discharge outlet 122 1s fluidly coupled (e.g.,
directly or indirectly) with and located downstream of the

5

10

15

20

25

30

35

40

45

50

55

60

65

8

fan 120. In the embodiment of FIG. 2, the discharge outlet
122 1s fluidly coupled with and located downstream of the
filter 118.

As noted above 1n the first flow condition the 11d 104 1s 1n
the closed position, only a first flow path 1s present through
disinfection device 100 and the resistance to gas flow (first
gas flow resistance) through disinfection device 100 1s high.
In contrast when the lid 104 1s open, a second flow path 1s
also present through disinfection device 100 and the resis-
tance to gas flow (second gas flow resistance) through
disinfection device 100 1s low, relative to the first gas tlow
resistance. In the first flow condition (1.¢., when the first gas
flow resistance 1s imposed) the fan 120 1s configured to
generate a first (relatively high) static pressure and to cause
gas to tlow through the disinfection device 100 at a first
(relatively low) flow rate. Conversely 1n the second flow
condition (1.e., when the second gas flow resistance 1is
imposed), the fan 120 1s configured to generate a second
(relatively low) static pressure and to cause gas to flow
through the disinfection device 100 at a second (relatively
high) flow rate.

In disinfection device 100 the first flow path extends from
the inlet 108, through sanitizing gas supply 106, through
outlet 110, through sanitization chamber 112, through
optional exhaust channel 116 (when present), through filter
118 (when present), through fan 120, and through distribu-
tion outlet 122. The first flow path includes a restricted
portion, 1.¢., a portion through which the resistance to gas
flow 1s relatively high, as compared to the resistance to gas
flow through other portions of the first flow path. The
restricted portion of the first flow path may be defined by one
or more parts of disinfection device 100 that form part of the
first tlow path. For example, the ilet 108, outlet 110, and/or
passageways within sanitizing gas supply 106 may form all
or at least a portion of the restricted portion of the first tlow
path.
The second flow path 1n disinfection device 100 extends
from a chamber opening of sanitization chamber 112,
through at least a portion of the sanitization chamber 112,
through exhaust port 114, through optional exhaust channel
116 (when present), through filter 118 (when present),
through fan 120, and through distribution outlet 122. The
cross sectional area of the passages within the second tlow
path may be relatively large compared to the cross sectional
area of the passage(s) 1n the restricted portion of the first
flow path. Thus, the second flow path may be relatively
unrestricted relative to the first flow path.

In embodiments sanitizing gas supply 106, ilet 108
and/or outlet 110 may include respective supply, inlet, and
outlet passageways that form at least a portion of the
restricted portion of the first flow path. The cross sectional
area ol one or more of such passageways may be relatively
small compared to the cross sectional of the inlet to fan 120
and other passageways forming part of the first flow path.
For example, the inlet 108 and/or outlet 110 may 1nclude at
least one circular passageway with a first diameter and the
fan 1ntake may have a circular fan intake with a second
diameter that 1s larger than the first diameter. The first
diameter may be less than or equal to about 10 mm (e.g., less
than or equal to about 5 mm, less than or equal to about 2.5
mm, less than or equal to about 2.0 mm, or even less than
or equal to about 1 mm), and the second diameter may be
that 1s greater than 10 mm (e.g., greater than or equal to
about 15 mm, greater than or equal to about 20 mm, greater
than or equal to about 25 mm, greater than or equal to about
30 mm, or more). Put differently, 1n embodiments the second
diameter may be at least about 20% larger (e.g., at least
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about 50%, 100%, 200%, 300%, 400%, 500%, 750%,
1000%, or even 1500%) than the first diameter. In specific
embodiments, the inlet 108 includes an inlet passageway
with a first diameter of greater than O to 2.5 mm, and the
intake to fan 120 has a second diameter of greater than or
equal to about 30 mm.

The foregoing discussion describes example differences
in the relative diameter of the fan intake and the diameter of
passageways in the inlet 108, samitizing gas supply 106, and
outlet 110, implying that the inlet and outlet passageways
have a circular cross section. While such a cross section 1s
usetul, the shape of the passageways in the first flow path
(including the passageways within the sanitizing gas supply
106, inlet 108, outlet 110, and the 1nlet to fan 120 need not
be circular. Indeed the passageways included in the first flow
path may have any suitable cross sectional shape, such as a
geometric (e.g., circular, triangular, quadrilateral, etc.) or
irregular shape. In such instances, at least part of the
restricted portion of the first flow path may have a first cross
sectional area that 1s less than a second cross sectional area
of the fan intake.

In the first flow condition fan 120 1s configured to
generate a first static pressure and to cause gas to tlow at a
first flow rate through the disinfection device 100. In con-
trast in the second flow condition fan 120 1s configured to
generate a second static pressure and cause gas to flow at a
second flow rate through the disinfection device 100,
wherein the second static pressure 1s less than the first static
pressure and the second flow rate 1s greater than the first flow
rate. In embodiments the second flow rate 1s at least 15%
(e.g., at least 25%, at least 50%, at least 75%, at least 100%,
at least 150%, at least 200%, at last 300%, at least 400%, or
cven at least 500%) greater than the first tlow rate. In specific
embodiments the second flow rate 1s at least 400% or even
at least 500% greater than the first flow rate.

To 1illustrate this concept reference 1s made to FIG. 5,
which 1s one example of a plot 500 of static pressure versus
air tlow for a fan consistent with the present disclosure. It 1s
noted that the values of static pressure and air flow 1n FIG.
5 are for the sake of example only, and the fans described
herein are not limited thereto. As 1llustrated in FIG. 5, when
resistance to gas flow 1s high (first gas flow resistance), the
fan 120 1s configured to produce a first (relatively high)
static pressure—e.g., =about 0.5 mches H,O (=z12.5 malli-
meters (mm) H,O)—and cause gas to flow at a first (rela-
tively low) flow rate—e.g., =about 3 cubic feet per minute
(CFM) (£0.04 cubic meters per minute (CMM) or about 85
liters per minute (LPM)). In contrast when resistance to gas
flow 1s low (second gas flow resistance), the fan 120 1is
configured to produce a second (relatively low) static pres-
sure—e.g., =about 0.4 mches H,O (=10 millimeters (mm)
H,O), and cause gas to tlow at a second (relatively high)
flow rate—e.g., zabout 3.8 CFM (=0.10 CMM or about 108
LPM).

The first flow rate may range from greater than O to less
than or equal to about 85 LPM, such as greater than O to less
than or equal to about 50 LPM, greater than O to less than
or equal to about 25 LPM, greater than O to less than or equal
to about 10 LPM, greater than O to less than or equal to about
1 LPM, greater than O to less than or equal to about 0.5 LPM,
or even greater than O to less than or equal to about 0.2 LPM.
In embodiments, the first flow rate 1s greater than O to less
than or equal to about 1 LPM, such as greater than O to less
than or equal to about 0.5 LPM, or even greater than 0 to less
than or equal to about 0.2 LPM. In specific non-limiting,
embodiments, the first tlow rate i1s greater than O but less
than or equal to about 0.2 LPM. In those or other embodi-
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ments, the second tlow rate may be greater than or equal to
about 100 LPM, such as greater than or equal to about 110
LPM, greater than or equal to about 120 LPM, greater than
or equal to about 130 LPM, greater than or equal to about
140 LPM, or even greater than or equal to about 150 LPM.
For example, the first flow rate range from greater than O to
less than 1 LPM (e.g., greater than O but less than 0.2 LPM),
and the second flow rate may be greater than or equal to
about 100 LPM (e.g., greater than or equal to about 100
LPM, 125 LPM, or even 150 LPM). In specific non-limiting
embodiments, the first tlow rate ranges from greater than O
to less than or equal to about 0.2 LPM, and the second flow
rate 1s greater than or equal to about 150 LPM.

Disinfection device 100 further includes a controller 124
and a user intertace 126. Controller 124 1s generally con-
figured to control the operation of the disinfection device
100, ¢.g., during the performance of disinfection operations
and termination operations described herein. User interface
126 1s generally configured to enable a user to initiate
performance of a disinfection operation with the disinfection
device, and/or to terminate a disinfection operation that 1s
currently in process. For example, user interface may
include one or more buttons, switches, or other interactive
clements that allow a user to 1nitiate a disinfection operation.
In response to an input from a user, the user interface 126
may produce and send an initiation signal to controller 124.
In response to the mnitiation signal, the controller 124 may
initiate the performance of a disinfection operation.

During a disinfection operation controller 124 may cause
sanitizing gas supply 106 and fan 120 to operate. Controller
124 may permit or deny operation of the sanitizing gas
supply 106 based at least 1n part on the position of lid 104,
which may be determined by controller 124 1n any suitable
manner. For example, disinfection device 100 may include
a lid position sensor (not shown) which 1s configured to
sense a position of lid 104 and to output a lid position signal
to controller 124. Controller 124 may determine whether lid
104 1s 1n the closed position or the open position based at
least 1n part on the lid position signal. When controller 124
determines that the l1d 1s 1n the closed position, it may permit
execution of disinfection operations consistent with the
present disclosure. When controller 124 determines that Iid
104 1s 1n the open position, however, 1t may prevent the
initiation of a disinfection operation, e.g., by preventing
operation of the sanitizing gas supply 106. In such instances
controller 124 may also cause disinfection device 100 to
perform one or more termination operations consistent with
the present disclosure.

As noted above controller 124 may permit execution of a
disinfection operation when the lid 104 1s closed. During
such an operation controller 124 may cause sanitizing gas
supply 106 (e.g., an ozone generator) and fan 120 to operate.
More specifically, controller 124 may cause sanitizing gas
supply 106 to provide a sanitizing gas, and cause fan 120 to
operate 1n the first flow condition. In that condition fan 120
will generate a first static pressure within disinfection device
100, which will cause gas to flow through the first flow
pathway at a first tlow rate (e.g., less than or equal to about
1 LPM, or even less than or equal to about 0.2 LPM), as
previously described. As a result, samitizing gas will flow
from the sanitizing gas supply 106 1nto sanitization chamber
112, where 1t can sanitize an article 113 contained therein.

In some embodiments controller 124 causes the sanitizing,
gas supply 106 (e.g., an ozone generator) to supply sanitiz-
ing gas continuously or 1n accordance with a pre-determined
gas delivery profile. For example, controller 124 may cause
sanitizing gas supply 106 to generate or otherwise provide
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sanitizing gas continuously over a sanitization cycle, 1.e., for
the entire duration of a sanitizing cycle. Alternatively, con-
troller 124 may implement a gas delivery profile that causes
sanitizing gas supply 106 to supply sanitizing gas 1n accor-
dance with the parameters defined therein. For example, the
gas delivery profile may cause sanitizing gas supply 106 to
supply sanitizing gas at a fixed or variable intervals, wherein
said intervals range from less than or equal to 1 second to
greater than or equal to 5 minutes. In embodiments, gas
delivery profile 1s configured to cause the sanitizing gas
supply 106 to supply sanitizing gas at fixed intervals within
a range of from about 1 second to about 120 seconds, such
as from about 1 second to about 60 seconds, from about 1
second to 45 seconds, or even from about 1 second to about
30 seconds. In embodiments the gas delivery profile causes
the sanitizing gas supply 106 to supply sanitizing gas at a 20
to 30 second interval over the course of a disinfection
operation, such as at a 25 second interval over the course of
a disinfection operation.

During the performance of a disinfection operation con-
troller 124 may monitor the position of lid 104 1n any
suitable manner, such as by monitoring a lid position signal
received from a lid position sensor as discussed above. If lid
104 1s moved from the closed position to the open position
while a disinfection operation 1s 1n process, controller 124
may cause disinfection device 100 to perform a termination
operation consistent with the present disclosure.

During a termination operation controller 124 may disable
operation of the sanitizing gas supply 106, while causing or
allowing fan 120 to continue to operate. Because the lid 104
1s 1n the open position, fan 120 will operate in the second
flow condition and generate a second static pressure within
disinfection device 100, causing external air and gas within
the sanitization chamber 112 (including sanitizing gas) to
flow through the second flow pathway at a second flow rate
as previously described. Because the second flow rate is
relatively high, copious amounts of external air will be
drawn into the sanitization chamber 112 and through the
exhaust port 114. This will dilute and rapidly evacuate the
sanitizing gas through the exhaust port. During the termi-
nation operation, the controller 124 may cause the fan 120
to operate for an exhaust period that may be selected to
ensure that all or substantially all of the sanitizing gas 1s
removed from the sanitization chamber 112 and passed
through filter 118, as discussed above. The exhaust period
may be less than or equal to about 20, about 10, about 5,
about 1, about 0.5, or even about 0.1 seconds.

In FIG. 1, fan 120 1s located downstream of the filter 118.
While that position 1s preferred, it 1s not required and fan 120
may be positioned at any suitable location. In that regard
reference 1s made to FIG. 2, which depicts another example
of a disinfection device consistent with the present disclo-
sure. Disinfection device 200 includes the same components
as disinfection device 100, and so such components are not
described again in the interest of brevity. In disinfection
device 200, however, fan 120 1s positioned upstream of filter
118 and downstream of exhaust channel 116, as shown 1n
FIG. 2. As such, fan 120 may be configured to draw (or suck)
an uniiltered exhaust stream from exhaust port 114 and blow
(or push) the unfiltered exhaust stream through filter 118 (1f
present) and discharge outlet 122.

FIG. 3 1s a block diagram of another example of a
disinfection device 300 consistent with the present disclo-
sure. As the nature and function of many of the components
of disinfection device 300 are the same as described above
in connection with FIGS. 1 and 2, such components are not
described again in detal.
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As shown, disinfection device 300 includes a base 102
and a Iid 104 that 1s movable between a closed position and
an open position. Disinfection device 300 further includes a
sanitizing gas supply 106 (e.g., an ozone generator) with an
inlet 108 and an outlet 110. The outlet 110 1s fludly
connected to a sanitization chamber 112 by a distribution
line 111. The samitization chamber 112 includes a cavity
defined at least in part by a chamber wall 302, wherein the
cavity 1s configured to contain at least one article 113
therein. Disinfection device 300 further includes at least one
exhaust port 114. In this case the at least one exhaust port
114 1s 1n the form of one or more openings formed through
a side wall of sanitization chamber 112, but it should be
understood that the exhaust port(s) 114 may be located
clsewhere. For example, the exhaust port(s) may be located
a bottom wall of sanitization chamber 112, a side wall of
sanitization chamber 112, within lid 104, or a combination
thereof.

An exhaust channel 116 1s positioned downstream of the
at least one exhaust port 114. The exhaust channel 116
includes an exhaust passageway that has a proximal end and
a distal end. The proximal end of the exhaust passageway 1s
in fluidd communication with the at least one exhaust port
114, and the distal end of the exhaust passageway 1s 1 fluid
communication with a filter 118. Filter 118 1s 1 fluid
communication with a fan 120, which in turn 1s 1n fluid with
a distribution outlet 122. As discussed previously the filter
118 1s configured to receive an unfiltered exhaust stream that
contains a first amount of a sanitizing gas, and produce a
filtered exhaust stream that contains a second amount of the
sanitizing gas that 1s less than the first amount of the
sanitizing gas. The distribution outlet 122 1s configured to
receive and convey the filtered exhaust stream, e.g., to the
environment surrounding disinfection device 300.

As further shown in FIG. 3, sanitization chamber 112
includes a chamber inlet 304 that 1s configured to fluidly
couple the outlet 110 to a cavity within the sanitization
chamber 112. In embodiments, the chamber inlet 304 1s
configured to couple directly to the outlet 110 of sanitizing
gas supply. Alternatively and as shown 1n FIG. 3, a distri-
bution line 111 may be used to couple the chamber 1nlet 304
with the outlet 110. In such instances the distribution line
111 may by the form of a hose or channel having a
distribution passageway that extends from a proximal end of
the distribution line 111 to a distal end of the distribution
line. The proximal end of the distribution line 111 may be
coupled to the outlet 110, and the distal end of the distri-
bution line 111 may be coupled to the chamber inlet 304. The
nature of the connection between the chamber 1nlet and the
distribution line 111 (or the outlet 110) 1s not limited, and the
chamber inlet 304 may be configured to support any desired
type of connection. For example the chamber 1nlet 304 may
include be in the form of a barb that 1s configured to {it
within or over the distal end of the distribution line 111
and/or outlet 110. In such instances the chamber inlet 304
may nclude an inlet opening that provides a fluid passage-
way 1nto the sanitization chamber 112.

In the embodiment of FIG. 3 the chamber inlet 304 1s
shown as being formed through a bottom of sanitization
chamber 112, with a distal end of the chamber inlet 304
disposed w1th1n an 1nterior of sanitization chamber 112 (1.¢.,
within a cavity thereof). Such positioning and conﬁguratlon
are not required and chamber inlet 304 may be positioned
and configured differently. For example, chamber inlet 304
may be positioned at any suitable location, such as through
one or more walls of sanitization chamber 112, e.g., a bottom
wall, a side wall, or a combination thereof. Chamber 1nlet
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304 may also be provided 1n part of lid 104 that forms a top
ol sanitization chamber 112 when the Iid 104 1s the closed
position. The number of chamber inlets 304 i1s also not
limited, and more than one chamber 1nlet 304 may be used.
For example, in embodiments the disinfection devices
described herein may include at least 1, 2, 3, 4, 5, or more
chamber 1nlets 304, with a corresponding number of distri-
bution lines 111 and/or outlets 110.

Chamber inlet 304 may also be coupled to optional
diffuser 305. When used, optional diffuser 305 may include
a passageway with a proximal end fluidly coupled to cham-
ber inlet and a distal end. In embodiments the distal end may
be open and fluidly coupled to sanitization chamber 112.
Alternatively or additionally, optional diffuser 305 may
include a passageway defined by at least one wall, and one
or a plurality of openings formed through the at least one
wall. That concept 1s shown in FIG. 3, which depicts
optional diffuser 303 as including a plurality of openings. In
any case, optional diffuser may function to introduce sani-
tizing gas at a desired location within the sanitization
chamber, e.g., to facilitate the tlow and contact of sanitizing
gas 1mto and/or around an article 113.

As further shown 1n FIG. 3, exhaust channel 116 1s located
downstream of exhaust port(s) 114 and includes one or more
exhaust channel walls 306. The exhaust channel walls 306
generally define a passageway that extends within exhaust
channel 116. In embodiments the exhaust channel 116 and
sanitization chamber 112 are discrete elements that are
fluidly connected to one another, e.g., via the at least one
exhaust port. In other embodiments such components are
integrally formed or otherwise coupled to one another such
that an outward facing surface of at least one sanitization
chamber wall 302 1s an inward facing surface of at least one
the exhaust channel walls 306. In such 1nstances another of
the exhaust channel walls 306 may be defined by an inward
facing surface of a base wall 308 of base 102.

In embodiments the sanitization chamber 112 and exhaust
channel 116 may be integrally formed or otherwise coupled
to one another to form a chamber insert. In such instances
the base 102 may include at least one base wall 308, wherein
the base wall 308 defines a base cavity (not labeled). The
base cavity 1s configured to receive at least a portion of the
chamber insert and other components (e.g., sanitizing gas
supply 106, filter 118, fan 120, etc.) thereimn. In such
instances, one or more of the exhaust channel walls 306 may
be separate from base wall 308 and from the sanitization
chamber wall 302. Alternatively, the chamber insert may be
configured such that the exhaust channel 116 and the sani-
tization chamber 112 include at least one common wall. For
example and as described previously, an outward facing
surface of the chamber wall 302 may form an inward facing
surface of at least one exhaust channel wall 306. In such
instances the base wall 308 may be discrete from the exhaust
channel wall(s) 306.

Disinfection device 300 may also include an optional
filter chassis 310. When used, filter chassis 310 may be
configured to receive and support filter 118 therein. For
example, when filter 118 1s 1n the form of a filter cartridge,
filter chassis 310 may include a filter receptacle that is
configured to receive the filter cartridge therein. Filter chas-
s1s 310 may also be configured to provide at least a portion
of a fluid connection between exhaust channel 116 and filter
118 or, more specifically, to an inlet of a filter cartridge
disposed 1n the filter receptacle. For example, filter chassis
310 may include a filter inlet passageway having a proximal
end that 1s configured to provide a fluid connection between
exhaust channel 116 and an inlet of a filter cartridge within
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the filter receptacle. In embodiments, the filter chassis 310
also 1ncludes a filter outlet passageway that 1s configured to
provide a fluid passageway between the filter 118 (or, more
specifically, an outlet of a filter cartridge) and the fan 120.
When filter chassis 310 1s not used, the filter 118 may be
configured to fluidly couple to the exhaust channel 116 and
the fan 120 in any suitable manner Filter chassis 310 may
also form at least part of a support for fan 120 and, 1n some
embodiments, fan 120 1s located within filter chassis 310.

As discussed above disinfection device 300 includes a Iid
104 that 1s movable between an open position and a closed
position. In the closed position, at least a portion of the Iid
104 blocks a chamber opeming that provides access to
sanitization chamber 112. The lid 104 may also form a seal
with a peripheral surface (e.g., a rnm) of the chamber
opening when 1t 1s 1n the closed position, so as to prevent
leakage of sanitizing gas from sanitization chamber 112. In
embodiments and as shown 1 FIG. 3, lid 104 may include
a lid wall 312. The exterior of the lid wall 312 may function
to define at least a portion of the outer shape of Iid wall 312.
In such embodiments when 1id 104 1s 1n the closed position,
sanitization chamber 112 may include an upper portion
defined at least in part by the interior of the Iid wall 312 and
a lower portion that 1s located within the base 102.

Alternatively, i embodiments Iid 104 includes an
optional lid msert 314. In such instances the lid wall 312
may define a lid cavity that 1s configured to receive at least
a portion of the lid insert 314 therein. The lid insert may
have a peripheral surface that 1s configured to form a seal
with a peripheral surface (e.g., a rim) of the chamber
opening of the sanitization chamber when the 1id 104 15 1n
the closed position. A sealing member such as a gasket may
be provided around a peripheral surface of the lid sert to
facilitate the formation of a seal between the peripheral
surface of the lid insert and a peripheral surface of the
sanitization chamber.

Disinfection device 300 may also include an optional
indicator 316, which may form part of or be discrete from
controller 124 and/or user interface 126. The indicator 316
can be a liqmd crystal display (LCD), an organic light
emitting diode (OLED) display, one or more light emitting
diodes (LEDs) that i1lluminate to display a status, a light
bar/pipe, combinations thereof, and the like. When used,
indicator 316 can be configured to indicate a status of the
disinfection device 300. For example, indicator 316 may be
configured to indicate that a sanitizing or termination opera-
tion 1s being conducted by disinfection device 300. In
embodiments, indicator 316 1s or includes a light bar/pipe
that 1s configured display a first color when a samitizing
operating 1s being conducted, and to display a second color
when a termination operation 1s being conducted, wherein
the first and second colors are different. Indicator 316 may
also be configured to provide a visual indicator of the time
remaining for a disinfection operation or a termination
operation to complete.

[ike disinfection device 100, in disinfection device 300
fan 120 1s located downstream of the filter 118. While that
position 1s preferred, it 1s not required and fan 120 may be
positioned at another suitable location. In that regard refer-
ence 1s made to FIG. 4, which depicts another example of a
disinfection device consistent with the present disclosure.
Disinfection device 400 includes the same components as
disinfection device 300, and so such components are not
described again in the interest of brevity. In disinfection
device 400, however, fan 120 1s positioned upstream of filter
118 and downstream of exhaust channel 116, as shown 1n

FIG. 4. As such, fan 120 may be configured to draw (or suck)
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an unfiltered exhaust stream from exhaust port 114 and blow
(or push) the unfiltered exhaust stream through filter 118 (af
present) and discharge outlet 122.

FIGS. 6 A-6F depict various view of another example of
a disinfection device consistent with the present disclosure. 5
The nature and function of many of the elements of disin-
tection device 600 are the same as described above 1n
connection with FIGS. 1-4, and so are not re-described 1in
detall 1n the interest of brevity. As shown, disinfection
device 600 includes a base 102 and a lid 104. The base 102 10
has a lower housing that includes a base outer wall 602, and
the lid has an upper housing that includes a lid outer wall
604. Like the other embodiments, id 104 1s movable
between an open and a closed position, as best shown by
FIGS. 6A and 6B (closed position) and FIGS. 6C, 6E, and 15
6F (open position). Disinfection device 600 and further
includes a lower catch 606a and upper catch 6065, which are
configured to retain Iid 104 1n a closed position, as discussed
turther below.

In this embodiment lid 104 1s coupled to base 102 by a 20
hinge 608 and a hinge pin 609, around which lid 104 rotates
as 1t 1s moved between the closed and open positions.
Although such a configuration 1s preferred, it 1s not required
and lid 104 may be coupled to base 102 in any suitable
manner. For example, lid 104 may be configured to detach- 25
ably couple with base 102, to shde relative to an axis
extending through sanitization chamber 112, or 1n any other
suitable manner that allows disinfection device 100 to
transition between an closed position (in which the lid 104
closes sanitization chamber 112) and an open position (1n 30
which an open end of the samtization chamber 112 1s
accessible).

Disinfection device 600 further includes a sanitizing gas
supply 106 comprising an inlet 108 and an outlet 110 (not
shown). In this embodiment sanitizing gas supply 106 1s or 35
includes an ozone generator that 1s configured to generate
ozone gas, €.g., from air. In embodiments, the sanitizing gas
supply 106 1s or includes an ozone generator that 1s config-
ured to generate ozone gas, e.g., via corona discharge. To
that end and as best shown 1n FIGS. 6B and 6F, disinfection 40
device 600 may include a power connector 610 and a
plurality of inlet openings 611. Power connector 610 1s
configured to connect disinfection device 600 to a source of
clectric power, such as AC or DC mains power. Alterna-
tively, power connector 610 may be omitted and disinfection 45
device 600 may be powered via an alternative energy source,
such as one or more batteries, solar panels, combinations
thereol, and the like. In any case, power supplied to disin-
tection device 600 may be used by the ozone generator 1n
sanitizing gas supply 106 to generate ozone Ifrom air 50
received via inlet 108, which 1s fluidly coupled to inlet
openings 611.

As best shown in FIG. 6F, disinfection device 600
includes a distribution line 111 that fluidly couples the outlet
110 of sanitizing gas supply 106 to sanitization chamber 112. 55
More specifically, distribution line 111 includes a proximal
end fluidly (or directly) coupled to the outlet 110 of sani-
tizing gas supply 106, and a distal end coupled to a proximal
end of a chamber inlet 304 that 1s m fluid communication
with sanitization chamber 112. The chamber inlet 304 60
includes a passageway that extends at least partially through
a wall (e.g., a bottom wall, a side wall, or a combination
thereol) of the sanitization chamber 112. In this embodiment
and as best shown in FIGS. 6D and 6F, the chamber inlet 304
extends through the bottom of sanitization chamber 112, 65
such that proximal end of the chamber 1nlet 304 1s below the
bottom of sanitization chamber 112 and the distal end of the
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chamber inlet 304 1s in fluid communication with the
sanitization chamber 112. In embodiments, the distal end of
the chamber 1nlet 304 1s disposed above a surface of the
bottom of the sanitization chamber 112. Alternatively or
additionally, 1n some embodiments the distal end of the
chamber inlet 304 1s fluidly (or directly) coupled to an

optional diffuser that 1s located within sanitization chamber
112.

The sanitization chamber 112 1ncludes an open end that 1s
defined at least 1n part by a rim 612, as best shown 1n FIGS.
6C and 6E. The 11d 104 1s configured to form a gas tight seal
with rim 612 when lid 104 1s 1n the closed position. In that
regard and as best shown 1n FIG. 6C, lid include a gasket 614
that 1s configured to form a seal between the lid 104 (or,
more particularly, a shoulder of lid 104) and rim 612. For
example and as shown 1n FIG. 6C, lid 104 may be 1n the
form of a lid msert 616 that 1s configured to be inserted
within a cavity defined by lid outer wall 604. Lid insert 616
may define an internal cavity that has a perimeter surface
with an outwardly extending tlange. When configured 1n that
manner, gasket 614 may be configured to extend around the
outwardly extending tlange and to facilitate the formation of
a gas tight seal between the outwardly extending flange and
rim 612.

Sanitization chamber 112 may include one or more sup-
ports 618, as best shown 1n FIGS. 6D and 6E. When used,
the supports 618 may be configured to support one or more
articles to be sanitized within sanitization chamber 112.

Like the previous embodiments disinfection device 600
includes a sanitization chamber 112 that includes at least one
exhaust port 114. In this embodiment the at least one exhaust
port 114 1s 1 the form of a plurality of openings through a
sidewall of sanitization chamber 112, as best shown 1n FIG.
6E. The at least one exhaust port 114 1s in fluid communi-
cation with an exhaust channel 116, as best shown in FIG.
6F. The exhaust channel 116 1s fluidly coupled to a filter (not
shown) that 1s disposed within or supported by filter chassis
310. The filter 1s disposed upstream of and 1s fluidly coupled
to a fan 120, which 1n this case 1s a single centrifugal fan.
The outlet of fan 120 1s fluidly coupled to discharge outlet
122, which 1n this case 1s a plurality of openings formed
through an outer wall of base 102. An 1ndicator 316 may be
provided on the outside of base 102, as best shown 1n FIG.
6A. In this embodiment the indicator 316 1s 1n the form of
a light strip/light pipe that 1s configured to indicate a status
of the disinfection device 600, e.g., whether disinfection
device 600 1s conducting a sanitizing or termination opera-
tion.

[ike the other embodiments, disinfection device 600
includes a controller and a user interface (both not shown).
The user mterface may include one or more buttons or other
interactive elements that allow a user to mitiate a disinfec-
tion operation and/or a termination operation. In embodi-
ments, the lid 104 may form part of the user iterface for the
disinfection device 600. For example, in embodiments the
l1d 104 may include a l1d sensor that 1s configured to provide
a l1d position signal to the controller, wherein the lid position
signal 1s 1ndicative of the position of lid 104. In embodi-
ments the lid sensor may be provided by one or more of
lower catch 606a and upper catch 6065, which may be
configured as hall sensors. In any case, the controller may
determine a position of the lid based at least 1n part on the
l1id position signal, as described above. As discussed above,
when the lid 1s 1n the closed position the controller may
permit execution of disinfection operations, and when the Iid
1s 1n the open position the lid may prevent execution of
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disinfection operations and may cause the disinfection
device 600 to perform one or more termination operations.

During a disinfection operation, the lid 104 of disinfection
device 600 1s 1n the closed position (FIGS. 6A and 6B) and
only a first flow path 1s provided through the device. The first
flow path extends through sanitizing gas supply 106, sani-
tization chamber 112, exhaust channel 116, filter 118, and
tan 120. A restricted portion of the first flow path 1s defined
at least 1n part by one or more passageways extending
through the sanitizing gas supply 106 and/or an inlet or
outlet theretfrom. During the disinfection operation the con-
troller causes the fan 120 and sanitizing gas supply 106 to
operate. More specifically, the controller causes the ozone
generator within sanitizing gas supply 106 to generate
ozone, and causes the fan 120 to run 1n a first flow condition.
During the disinfection operation the fan generates a high
static pressure within disinfection device 600 and causes gas
to flow through the first flow path at a first (relatively low)
flow rate. This causes ozone to flow from the sanitizing gas
supply 106 into sanitization chamber 112, where 1t can
sanitize an article therein.

While a disinfection operation 1s conducted the controller
monitors disinfection device 600 for the occurrence of a
termination condition that would provoke the performance
ol a termination operation consistent with the present dis-
closure. Examples of such termination conditions include
the opening of lid 104, detection of a threshold amount of
ozone gas downstream of the filter 118, detection of leakage
ol ozone (e.g., from an 1nlet to sanitizing gas supply 106 or
at another location), the runming of a disinfection operation
for a defined time period (i.e., sanitizing time) combinations
thereol, and the like. In particular, the controller monitors
the position of 11d 104, e.g., via a Iid position signal provided
by a lid position sensor as described above.

When the controller determines that the lid has been
opened (or that another termination condition has occurred)
during a disinfection operation or within a threshold time
period following a disinfection operation, the controller may
cause disinfection device 600 to perform a termination
operation consistent with the present disclosure. During a
termination operation, the lid 104 1s open (or 1s caused to
open by controller 124), a second tlow path 1s provided
through disinfection device 600, and the controller causes
the fan 120 to operate in a second flow condition. The
second tlow path extends from a chamber opening to sani-
tization chamber, through exhaust ports 114, through
exhaust channel 116, through filter 118, through fan 120, and
through discharge outlet 122. Consistent with the foregoing,
discussion, the size (cross sectional area) of the passages of
the second flow path may be relatively large compared to the
s1ze (cross sectional area) of the restricted portion of the first
flow path and/or the fan intake. As such, the second tlow
path 1s less restricted than the first flow path. Operation of
the fan 120 i the second flow condition causes copious
amounts of air to be drawn into the chamber opening and
through the second flow path. The incoming air dilutes and
entrains the sanitizing gas through the exhaust port 114,
causing rapid evacuation of the sanitizing gas from the
sanitization chamber 112 over an exhaust period as
described above.

FIGS. 7A and 7B illustrate another example of a disin-
fection device consistent with the present disclosure, with
certain elements transparent. As shown, sanitization system
700 1ncludes many of the same components as disinfection
device 600. As the nature and function of such components
1s the generally the same as the components of disinfection
device 600, for brevity such components are not described
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again 1n detail. Sanitization system 700 differs from disin-
fection device 600 in that 1t includes a hinge 702 that is
configured differently than hinge 608, and 1t includes a
discharge outlet 704 that 1s configured differently than
discharge outlet 122. More specifically, hinge 702 1s a
multipart hinge, and discharge outlet 704 includes a plurality
of opemings through base outer wall 602.

For clarity and ease of understanding, FIG. 7A 1llustrates
the flow of gas through sanitization system 700 during a
disinfection operation, and FIG. 7B illustrates the flow of
gas through samtization system 700 during a termination
operation. During a disinfection operation (FIG. 7A) a
controller (not shown) causes sanitizing gas supply 106 and
fan 120 to run. Because lid 104 1s closed fan 120 operates
in a first flow condition, and gas 1s drawn through a first flow
path 1n the sanitization system 700. More specifically air 722
1s drawn 1to sanitizing gas supply 106 via inlet 108, as
generally shown at 1. At least a portion of the air 722 flows
through the sanitizing gas supply 106 as generally shown at
2. The samitizing gas supply converts at least a portion of the
air 722 1nto a samitizing gas 724 (e.g., ozone) in any suitable
manner. The sanitizing gas 724 1s drawn by the fan 120
through distribution line 111 (as generally shown at 3) and
into samtization chamber 112 (as generally shown at 4). At
least a portion of the samitizing gas 724 within the sanitiza-
tion chamber 112 1s drawn through the exhaust port 114 and
into exhaust channel 116 (as generally shown at 5) to form
an unfiltered exhaust stream 725. The unfiltered exhaust
stream 7235 flows through the exhaust channel 116 and
through a filter 118 disposed within a filter chassis 310 (as
generally shown at 6) to form a filtered exhaust stream 726.
The filtered exhaust stream 726 passes through fan 120 as
generally shown at 7 and 1s exhausted through discharge
outlet 704.

During a termination operation (FIG. 7B) the controller
stops or prevents the operation of sanitizing gas supply 106,
and causes fan 120 to run for at least an exhaust period.
Because lid 104 1s open fan 120 operates 1in a second tlow
condition and gas 1s drawn through the first flow path and a
second flow path through the sanitization system 700. More
specifically, copious amounts of external air 722 1s drawn
into a chamber opening that 1s exposed by lid 104 and into
sanitization chamber 112. The incoming air dilutes and
entrains sanitizing gas 724 that may be present in the
sanitization chamber 112. The resulting mixture flows
through exhaust port 114 thereby exhausting all or substan-
tially all of the sanitizing gas from the sanitization chamber
within an exhaust period. Gas flowing through the exhaust
port 114 1s conveyed into the exhaust channel 116 as an
unfiltered exhaust stream 725, as generally shown at 3. The
unfiltered exhaust stream 725 i1s conveyed through a filter
118 disposed within a filter chassis 310 (as generally shown
at 6) to form a filtered exhaust stream 726. The filtered
exhaust stream 726 passes through fan 120 as generally
shown and 1s exhausted through discharge outlet 704.

FIG. 8 1s a flow diagram of example operations of a
method of sanitizing articles consistent with the present
disclosure. As shown, method 800 begins at block 801. The
method may then proceed to block 802, during which a
controller of a sanitization system may monitor for a user
iput (e.g., via a user 1mnterface) that imtiates a disinfection
operation. The method then proceeds to block 804, pursuant
to which a decision 1s made as to whether such a user input
has been received. I not, the method loops back to block
802, but 1f so the method proceeds to block 806. Pursuant to
block 806, the controller may determine whether a lid of the
sanitization system 1s 1n a closed position. The controller
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may perform that function 1n any suitable manner, such as by
determining the position of the lid at least 1n part from one
or more lid positions signals from a lid position sensor. If the
lid 1s not closed the method may proceed to block 808,
pursuant to which an alert may be provided. The alert may
be an audio, visual, or audiovisual indicator that notifies a

user that the l1id 1s open. The method may then loop back to
block 806.

When 1t 1s determined pursuant to block 806 that the lid
1s closed the method may proceed to block 810, pursuant to
which a disinfection operation may be performed. The
disinfection operation may include causing a sanitizing gas
supply to operate and causing a fan to run 1n a first tflow
condition, as previously described. The method may then
proceed to block 812, pursuant to which the controller may
monitor for the occurrence of a termination condition, such
as but not limited to the termination conditions described
above. If a termination condition 1s not detected the method
may proceed to block 813, pursuant to which the disinfec-
tion operation continues. From there, the method may loop

back to block 812.

When a termination condition (e.g., opening of the lid,
expiration of a sanitization period, etc.) 1s detected, the
method proceeds from block 814 to block 816, pursuant to
which one or more termination operations 1s conducted. As
described above, such operations may include discontinu-
ing/preventing operation of the sanitizing gas supply and
causing the fan to run in the second tlow condition so as to
exhaust all or substantially all of the sanitizing gas from the
sanitization chamber. The method may then proceed to block

818 and end.

EXAMPLES

The {following examples are additional non-limiting
embodiments of the present disclosure.

Example 1: According to this example there 1s provided a
disinfection device including: a base; a sanitizing gas supply
within the base, the sanitizing gas supply configured to
supply a sanitizing gas; a sanitization chamber within the
base and configured to receive an article at least partially
therein, the sanitization chamber including a chamber open-
ing and an exhaust port; a fan within the base, the fan fluidly
coupled the exhaust port; and a lid coupled to the base, the
l1id configured to move between an closed position in which
the chamber opening 1s closed and an open position in which
the chamber opening 1s open; wherein: when the 1id 1s 1n the
closed position the fan 1s configured to operate in a first tlow
condition; when the lid 1s i the open position the fan is
configured to operate 1 a second flow condition; the first
flow condition 1s a low flow, high static pressure condition;
and the second flow condition 1s a high flow, low static
pressure condition.

Example 2: This example includes any or all of the
features of example 1, wherein when the lid 1s 1n the closed
position, only a first flow path 1s defined through the
disinfection device, the first flow path 1including a restricted
portion.

Example 3: This example includes any or all of the
features of example 2, wherein the first flow path extends
through the sanitizing gas supply, the sanitization chamber,
the exhaust port, and the fan.

Example 4: This example includes any or all of the
teatures of example 3, further including a filter, wherein the
first flow path extends through the sanitizing gas supply, the
sanitization chamber, the exhaust port, the filter and the fan.
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Example 5: This example includes any or all of the
features of example 2, wherein the restricted portion 1s at
least partially defined by at least one passage 1n the sanitiz-

ing gas supply.
Example 6: This example includes any or all of the
features of example 5, wherein the sanitizing gas supply

includes an inlet and an outlet, and the restricted portion 1s
at least partially defined by the inlet, the outlet, or both the
inlet and the outlet.

Example 7. This example includes any or all of the
features of example 5, wherein the fan includes a fan 1ntake,
the restricted portion includes a passageway that has a first
cross sectional area, the fan intake has a second cross
sectional area, and the first cross sectional area 1s less than
the second cross sectional area.

Example 8: This example includes any or all of the
features of any one of examples 1 to 7, wherein 1n the first
flow condition the fan i1s configured to cause gas to tlow at
a first flow rate that ranges from greater than 0 to about 1
liters per minute (LPM).

Example 9: This example includes any or all of the
teatures of any one of examples 1 to 8, wherein 1n the second
flow condition the fan i1s configured to cause gas to tlow at
a second flow rate that 1s greater than or equal to about 100
liters per minute (LPM).

Example 10: This example includes any or all of the
features of example 1, wherein: 1n the first flow condition the
fan 1s configured to cause gas to flow at a first rate that 1s less
than or equal to about 0.5 liters per minute (LPM); and in the
second tlow condition the fan 1s configured to cause gas to
flow at a second rate that 1s greater than 100 LPM.

Example 11: This example includes any or all of the
features of any one of examples 1 to 10, wherein in the
second flow condition, the fan 1s configured to exhaust all or
substantially all sanitizing gas from the sanitization chamber
within an exhaust period, wherein the exhaust period 1s less
than or equal to about 5 seconds.

Example 12: This example includes any or all of the
features of example 11, wherein the exhaust period 1s less
than or equal to about 1 second.

Example 13: This example includes any or all of the
features of example 11, wherein the exhaust period 1s less
than or equal to about 0.5 seconds.

Example 14: This example includes any or all of the
features of any one ol examples 1 to 13, wherein the
sanitizing gas supply includes an ozone generator.

Example 15: This example includes any or all of the
features of any one of examples 1 to 14, wherein the fan 1s
a centrifugal fan, an axial fan, or a combination thereof.

Example 16: This example includes any or all of the
teatures of example 15, wherein the fan 1s a centrifugal fan.

Example 17: According to this example there 1s provided
a method of sanitizing an article with a disinfection device
including a base, a lid, a sanitizing gas supply within the
base, a sanitization chamber within the base, a fan within the
base, and a controller the sanitization chamber including an
exhaust port and a chamber opening, the method 1ncluding:
determining, with the controller, whether the lid 1n a closed
position; when the lid 1s 1n the closed position, mnmitiating
operation of a sanitizing gas supply and a fan in a first tlow
condition with the controller; monitoring, with the control-
ler, for a termination condition; and in response to detection
ol a termination condition, disabling operation of the sani-
tizing gas supply with the controller and causing the fan to
operate 1n a second flow condition with the controller;
wherein: the first flow condition 1s a low tlow, high static
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pressure condition; and the second flow condition 1s a high
flow, low static pressure condition.

Example 18: This example includes any or all of the
teatures of example 17, wherein when the Iid 1s 1n the closed
position, only a first flow path 1s defined through the
disinfection device, the first flow path including a restricted
portion.

Example 19: This example includes any or all of the
features of example 18, wherein the first flow path extends
through the sanitizing gas supply, the sanitization chamber,
the exhaust port, and the fan.

Example 20: This example includes any or all of the
features of example 19, wherein the disinfection device
turther includes a filter, and the first flow path extends
through the sanitizing gas supply, the sanitization chamber,
the exhaust port, the filter and the fan.

Example 21: This example includes any or all of the
features of example 18, wherein the restricted portion 1s at
least partially defined by at least one passage 1n the sanitiz-
ing gas supply.

Example 22: This example includes any or all of the
features of example 21, wherein the sanitizing gas supply
includes an inlet and an outlet, and the restricted portion 1s
at least partially defined by the inlet, the outlet, or both the
inlet and the outlet.

Example 23: This example includes any or all of the
features of example 21, wherein the fan includes a fan
intake, the restricted portion includes a passageway that has
a first cross sectional area, the fan intake has a second cross
sectional area, and the first cross sectional area 1s less than
the second cross sectional area.

Example 24: This example includes any or all of the
features of any one of examples 17 to 23, wherein 1n the first
flow condition the fan causes gas to tlow at a first flow rate
that ranges from greater than O to about 1 liters per minute
(LPM).

Example 25: This example includes any or all of the
features of any one of examples 17 to 24, wherein 1n the
second tlow condition the fan causes gas to tlow at a second
flow rate that 1s greater than or equal to about 100 liters per
minute (LPM).

Example 26: This example includes any or all of the
features of example 18, wherein: 1n the first flow condition
the fan causes gas to flow at a first rate that 1s less than or
equal to about 0.5 liters per minute (LPM); and 1n the second
flow condition the fan causes gas to flow at a second rate that
1s greater than 100 LPM.

Example 27: This example includes any or all of the
features of any one of examples 17 to 26, wherein 1n the
second flow condition the fan causes all or substantially all
sanitizing gas 1n the sanitization chamber to exhaust through
the exhaust port within an exhaust period, wherein the
exhaust period 1s less than or equal to about 5 seconds.

Example 28: This example includes any or all of the
features of example 27, wherein the exhaust period 1s less
than or equal to about 1 second.

Example 29: This example includes any or all of the
features of example 27, wherein the exhaust period 1s less
than or equal to about 0.5 seconds.

Example 30: This example includes any or all of the
features of any one of examples 17 to 29, wheremn the
sanitizing gas supply includes an ozone generator.

Example 31: This example includes any or all of the
features of any one of examples 17 to 30, wherein the fan 1s
a centrifugal fan, an axial fan, or a combination thereof.

Example 32: This example includes any or all of the
teatures of example 31, wherein the fan 1s a centrifugal fan.
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While the principles of the invention have been described
herein, 1t 1s to be understood by those skilled 1n the art that
this description 1s made only by way of example and not as
a limitation as to the scope of the mmvention. Other embodi-
ments are contemplated within the scope of the present
invention 1n addition to the exemplary embodiments shown
and described herein. Modifications and substitutions by one
of ordinary skill 1in the art are considered to be within the
scope of the present invention, which i1s not to be limited
except by the claims.

What 1s claimed 1s:

1. A disinfection device comprising;:

a base;

a sanitizing gas supply within the base, the sanitizing gas
supply configured to supply a sanitizing gas;

a sanitization chamber within the base and configured to
receive an article at least partially therein, the saniti-
zation chamber comprising a chamber opening and an
exhaust port;

a fan within the base, the fan fluidly coupled the exhaust
port; and

a lid coupled to the base, the Iid configured to move
between a closed position 1n which the chamber open-
ing 1s closed and an open position 1n which the chamber
opening 1s open; wherein:

when the lid 1s 1n the closed position the fan 1s configured
to operate 1n a first flow condition;

when the 1id 1s 1n the open position the fan 1s configured
to operate 1n a second tlow condition;

the first flow condition 1s a low flow, high static pressure
condition; and

the second flow condition 1s a high flow, low static
pressure condition.

2. The disinfection device of claim 1, wherein when the
l1d 1s 1n the closed position, only a first tflow path 1s defined
through the disinfection device, the first flow path compris-
ing a restricted portion.

3. The disinfection device of claim 2, wherein the first
flow path extends through the sanitizing gas supply, the
sanitization chamber, the exhaust port, and the fan.

4. The disinfection device of claim 3, further comprising
a filter, wherein the first tlow path extends through the
sanitizing gas supply, the sanitization chamber, the exhaust
port, the filter and the fan.

5. The disinfection device of claim 2, wherein the
restricted portion 1s at least partially defined by at least one
passage 1n the sanitizing gas supply.

6. The disinfection device of claim 5, wherein the sani-
tizing gas supply comprises an inlet and an outlet, and the
restricted portion 1s at least partially defined by the inlet, the
outlet, or both the inlet and the outlet.

7. The disinfection device of claim 5, wherein the fan
comprises a fan intake, the restricted portion includes a
passageway that has a first cross sectional area, the fan
intake has a second cross sectional area, and the first cross
sectional area 1s less than the second cross sectional area.

8. The disinfection device of claim 1, wherein:

in the first flow condition the fan 1s configured to cause
gas to tlow at a first rate that 1s less than or equal to
about 0.5 liters per minute (LPM); and

in the second flow condition the fan 1s configured to cause
gas to tlow at a second rate that 1s greater than 100
LPM.

9. The disinfection device of claim 1, wherein 1n the

second flow condition, the fan 1s configured to exhaust all or
substantially all sanitizing gas from the sanitization chamber
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within an exhaust period, wherein the exhaust period 1s less
than or equal to about 5 seconds.
10. The disinfection device of claim 9, wherein the
exhaust period 1s less than or equal to about 1 second.
11. The disinfection device of claim 1, wherein the
sanitizing gas supply comprises an ozone generator.
12. The disinfection device of claim 1, wherein the fan 1s
a centrifugal fan, an axial fan, or a combination thereof.
13. A method of sanitizing an article with a disinfection
device comprising a base, a lid, a sanitizing gas supply
within the base, a sanitization chamber within the base, a fan
within the base, and a controller the sanitization chamber
comprising an exhaust port and a chamber opening, the
method comprising:
determining, with the controller, whether the hid 1n a
closed position;
when the 11d 1s 1n the closed position, initiating operation
of a sanmitizing gas supply and a fan 1 a first tlow

condition with the controller;

monitoring, with the controller, for a termination condi-
tion; and

in response to detection of a termination condition, dis-
abling operation of the sanitizing gas supply with the
controller and causing the fan to operate in a second
flow condition with the controller; wherein:

the first flow condition 1s a low flow, high static pressure
condition; and
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the second flow condition 1s a high flow, low static

pressure condition.

14. The method of claim 13, wherein when the lid 1s 1n the
closed position, only a first flow path 1s defined through the
disinfection device, the first tflow path comprising a
restricted portion.

15. The method of claim 14, wherein the first flow path
extends through the sanitizing gas supply, the sanitization
chamber, the exhaust port, and the fan.

16. The method of claim 15, wherein the disinfection
device further comprises a filter, and the first flow path
extends through the sanitizing gas supply, the sanitization
chamber, the exhaust port, the filter and the fan.

17. The method of claim 14, wherein the restricted portion
1s at least partially defined by at least one passage in the
sanitizing gas supply.

18. The method of claim 17, wherein the sanitizing gas
supply comprises an 1nlet and an outlet, and the restricted
portion 1s at least partially defined by the inlet, the outlet, or
both the inlet and the outlet.

19. The method of any one of claim 13, wherein in the
second tlow condition the fan causes all or substantially all
sanitizing gas 1n the sanitization chamber to exhaust through
the exhaust port within an exhaust period, wherein the
exhaust period 1s less than or equal to about 5 seconds.

20. The method of claim 13, wherein the sanitizing gas
supply comprises an ozone generator.
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